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PREFACE. 


Having been for several years past engaged in the instruction 
of persons designed for, or belonging to the Sea, I have frequently 
had occasion to lament that most of the existing works on Practical 
Navigation, and particularly some that have been very generally 
circulated, are extremely erroneous, both in the instructive and 
tabular parts, and by no means calculated to answer all the pur¬ 
poses of the Mariner, Teacher, or Pupil. 

With a view to remedy these defects, and to facilitate the ac¬ 
quirement of this most important art, and further stimulated by the 
flattering reception of my former labours, I have ventured to exert 
my best abilities in composing the present work; and although I do 
not mean to arrogate to myself any superior professional merit, yet 
} dumbly apprehend, that my long experience and intimate con¬ 
nection with the subject, have enabled me, in some measure, to 
form a competent judgment of what is most requisite to assist the 
industrious Mariner in acquiring a knowledge of the practical part 
of Navigation. 

In order to accomplish my intended purpose ai effectually at 
passible, I have examined, with the greatest attention and caution, 
the various publications that bave been written on Navigation, and 
placing them in a comparative point of view, have, I trust, been 
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fiii 

may be considered by some as superfluous, and pot immediately 
connected with the subject, yet they appeared to be of too much 
importance to others to be omitted* 

With respect to the Tables in this work, I have only to observe 
that they were published about two years since under the title of 
H Nautical Tabic**” and have already received the sanction of die 
Public, being very generally adopted, and approved of, both by 
the officers in the Navy and in the Honorable East India Company’s 
Service. 

Having thus taken a cursory view of the principal topics included 
in this work, I shall now submit the whole, with much diffidence, to 
the candid judgment of a discerning Public, who will determine 
how far I have executed my design of rendering it a more complete 
and correct treatise on Practical Navigation than any hitherto 
published. 


Naval Academy, 
Laadenhall-slrecU 


J. IV. NORIE. 


* These Tablet are dedicated, by permission, to the honorable the Court of Directors of 
the Bait India Company. 
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NAVIGATION. 


INTRODUCTION. 

Navigation » that art which instructs the Mariner in what 
manner to conduct a Ship through the wide and trackless ocean, 
from one part to another, with the greatest safety, and in the 
shortest time possible. 

It is difficult to traoe the Origin of this most important Art, to which 
a diversity of events anight have given rise; but in all probability, it 
owes its birth to Necessity, the parent of almost every human invent 
tion. The Sea Coasts, in many places, are full of Islands at no great 
distance from the Continent; curiosity would naturally inspire meti 
with an inclination to visit these Islands, and consequently prompt 
them todevise means by which they might oonvey themselves front 
one place to another on the surface of the water, and as this passage 
did not appear either very long or very dangerous, they determined to 
attempt it; success in one of these efforts might encourage a second, 
and we are informed by Pliny that anciently they sailed only among 
the Islands, and passed over on rafts or logs of wood. 

As Science and Commerce advanced, the machines first used 
would of course give way to others of more improved structure and 
greater convenience, and hence the invention of Boats and Vessels 
of various denominations better adapted to the nature and extent of 
the voyages undertaken. In process of time Men being convinced 
by experience that Vessels designed for navigating the Seas ought 
to be of a different construction from those intended for Rivers, 
they would make it their study to give such a form and solidity to 
ships designed for the Sea as woo Id enable them to resist the im* 
petuosity of its waves. 

The action of the wind, of which the effects are 90 sensible and 
so frequent, might soon suggest the use of sails; but the manner of 
adjusting and managing them was more difficult and would not be 
so soon discovered; this in fact appears to have been the last part 
of the general construction of Vessels that was found put, and this 
opinion seems confirmed by the practice of Savages in the South 
Seas and other parts, who generally use only oars or paddles, but 
seldom have sails; such must have been the case in the first ages. 

The confusion and uncertainty in which the first Navigators must 
have found themselves when either prompted by their enterprising 
spirit to visit remote parts, or driven by the violence of storms out 
of the sight of land, would naturally induce them to study some 
method of finding where they were in such circumstances; they 
might soon be sensible that the inspection of the heavenly bodies 
was the only means that could afford them just conclusions in this 

^ d by Google 



2 


INTRODUCTION. 


respect; in this manner probably^ Astronomy came to be applied to 
Navigation. • 

However, leaving these speculations respecting the rise and pro¬ 
gress of Navigation, history informs us tnat the Phoenicians were 
the first who attained any great proficiency in the Art, especially 
those of Tyre, their capital, who sent out various colonies, the 
principal of which settled on the coast of Africa and built Carthage, 
a city that in time rivaled Tyre itself. After the destruction of 
Tyre by Alexander the Great, the Art was transferred by the con¬ 
queror to Alexandria, a new city in Egypt, intended by him for the 
capital of the world, thence diffusing itself in process of time 
throughout the whole of the Mediterranean and parts adjacent. 

But Navigation at that time consisted of little more than the 
management of small barks which crept along the shore, seldom losing 
sight of the land ; it was not till the discovery of the Compass* that 
Mariners ventured to explore the vast ocean, and sought as it were 
for other worlds, at an immense distance: since that period, the Art 
has been continually receiving fresh improvements from the efforts 
of learned and ingenious men, both in respect to the construction 
of Vessels, and the methods of working and conducting them ; so 
that at the present time a voyage to the remotest part ot the globe 
may be performed in the short space of a few months. 

Navigation may be divided into two branches : viz. ScamanMp , 
comprehending the method of managing a Vessel by disposing her 
Sails, Rudder, &c. so that she may move in any assigned course or 
direction the wind or weather will permit; and Navigation Proper , 
(the part we intend principally to treat of in the present Work) 
which comprehends those methods by which a Mariner deter¬ 
mines at any time the situation of his Vessel, the course she is 
to be steered, and the distance she has to run, to gain her 
intended port; hence, the requisites for a Mariner, in order to 
understand this branch of the Nautical Art, are, a competent know¬ 
ledge of the figure and magnitude of the earth, with the various 
imaginary circles drawn upon it, so as to he able to ascertain the 
distance and situation of places witli respect to each other; the 
methods of finding the Ship’s Latitude ana Longitude, either by her 
Course and Distance run, or by Astronomical Observations; the use 
of various Instruments, as the Log, Compass, Half-Minute Glass, 
Quadrant, Sextant, &c.: the different allowances necessary to be 
made in estimating a Ship’s way, as for Leeway, Variation, and 
Currents; the Method of finding the time of High Water at any 
place; the use of Charts, both Plane and Mercator’s, with the 
method of constructing them; all of which particulars, depending 
on Mathematical and Astronomical Principles, with whatever relates 
to the Practical Navigator, we shall endeavour in the following 
sheets to explain and illustrate in such a manner as to render every 
part as clear, concise, and methodical as an Art, embracing such a 
variety of subjects, will possibly admit. 
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When any quantity is considered as constituting a whole, it if 
called an Integer; and when an integer is supposed to be divided into 
a certain number of equal parts, any number of these parts, con¬ 
sidered in their relation to tne whole, is called a Fraction , which is 
expressed by two numbers placed one above the other with a line 
between them ; the lower of these, called the Denominator, de¬ 
notes the number of parts into which the integer or whole is divided, 
and the upper, called the Numerator , expresses how many of these 
parts is contained in the fraction; for instance, suppose a foot di¬ 
vided into 6 equal parts, and 4 of those parts were to be considered 
as a fraction ot the whole ; it would be written in numbers thus £, 
where the figure under the line shews that the foot is divided into 6 
parts, and the 4 above the line, denotes the number of those ports 
contained in the fraction. 

Fractions whose denominators are 10, 100, 1000, 8tc. that is, a 
unit with cyphers annexed to it, are called Decimal Fractions; but 
with any other denominators they are called Vulgar Fractions • 

As the denominators of decimal fractions are always one of the 
numbers 10, 100, 1000, fitc., it is most convenient to write down the 
numerators only, placing before them a mark called a decimal point 
to distinguish them from whole numbers; for the value of each 
place of figures will be known in decimals, as well as in whole 
nttmbers, by their distance from the decimal point; which will ap¬ 
pear by the following table, where the figures to the left hand of 
the decimal point are considered as whole numbers, and those to the 
right, decimals. 

Whole Numbers. Decimals. 

56 45687.246893 
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Thus .3 or T V U read two tenths, and 87.34, eighty-seven and 
twenty-four hundredths; the latter of these is called a mixed number 
because it consists of a fraction and an integral or whole number: 

In setting down a decimal fraction without its denominator, the 
numerator must consist of as many places as there are cyphers in 
the denominator, and if it have not so many 6gures, the defect 
must be supplied by setting jc.ypbera before them; thus, T V * s • 3, 
and t ’A is . 16, and is .014, and T15 Vcr is • 003, Sa¬ 
lience it appears, that as cyphers on the right hand of whole 
numbers increase their value decimally, or in a ten-fold proportion, 
as 5, 50, 500, &c., so when set on the left of decimal fractions, 
they decrease the value decimally, or in a ten-fold proportion, as .5, 
.05, . 0u5, &.c. But cyphers set on the o»her sides of these numbers 
make no alteration in their value, either of increase or decrease ; so 
5, or 05, or 005, &c. are all of the same value, as are . 5, or . 50, or 
.500, &c.; for in the latter case it is evident that the numerator in¬ 
creases in the same proportion as the denominator. 

Having thus briefly explained the nature of Fractions, we shall 
now proceed to lay down thetules necessary to be understood in the 
practice of Navigation, giving a few examples to each by way of 
illustration. 


ADDITION and SUBTRACTION. 


Rule. These 

are performed exactly the same as in 

whole nitar* 

bers, observing always to place the decimal points in a 

line, so that 

figures of the same denomination 

may range under each other. 


EXAMPLES IN ADDITION. 


. 5 

53.2 

65. 

720.U64 

.75 

79.46 

2i6 .3 . 

39. 

.253 

2.304 

19.24 

7 .246 

.582 

127 .4 

121.46 

259.1703 

2. 0*5 . 

262.064 . 

452 .00 

1035 -5627 


. EXAMPLES IN 

SUBTRACTION. 


.75 

■ 246.25 

174. 

176.014 

.5 

19 5. 

2.56l 

29.008 

.25 

22 6.73 

171.439 

147.006 


MULTIPLICATION. 


Rule* Multiply the given numbers together as if they were 
whple numbers, and point off as many decimals in the product, 
counting from the right hand, as there are decimals in the multi' 
plicaud find multiplier together. When it happens that there are 
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not so many figures in the product as there must be decimals, supply 
the defect by prefixing cyphers on the left hand. 


examples. 


• 25 Multiplicand. 

3.275 

.2376 

• 42 Multiplier. 

29.5 

.0062 

50 

16375 

4752 

100 

29475 

14256 


6550 


. 1050 Product. - .00147312 

96.6125 

DIVISION. 

Rule. Divide as in whole numbers, observing that the divisor 
and quotient are to contain together as many decimal figures ar 
there are in the dividend; if therefore the dividend have just as 
many places of decimals as the divisor, the quotient will be a whole 
number without any decimal figures; if there be more places of 
decimals in the dividend than in the divisor, point off as many 
figures in the quotient as there are decimals in the dividend more 
than in the divisor, a want of places in the quotient being supplied 
with cyphers on the left hand ; and if there be more places of deci¬ 
mals in the divisor than in the dividend, add cyphers to the dividend 
to make as.many places of decimals as in the divisor, then the quo¬ 
tient will be a whole number without decimals. 

When after the division there is a remainder, cyphers may be 
added to the dividend, and the operation continued as before until 
either there is no remainder, or a sufficient degree of exactness is 
obtained in the quotient. 


EXAMPLES. 


divisor dividend quotient 
6.6) 7234.5 (1113. 
65 

73 

65 

84 

65 

195 
195 


divieor dividend quotient 
12.5) .45695 (.0365 
375 

819 

766 

69 5 
625 

fO 
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divisor dividend quotient 

divisor dividend quotient 

. 423) 4/6 .520 (1126 

«K>) 2.30000 (.02395 

423 

1 92 

—- 

—■ 

535 

380 

423 

288 

1122 

920 

846 

864 

2760 

560 

2538 

480 

-■ 

■ ■ 

222 

80, &c. 


REDUCTION. 

To reduce a vulgar Fraction to a decimal of the tame value. 

Rule. Add cyphers at pleasure to the numerator and divide 
by the denominator; the quotient will be the decimal fraction re¬ 
quired. 

EXAMPLES. 

Reduce | of a Mile to a Reduce ££ of a Degree to a deci ma l 

decimal Fraction. Fraction. 

6 ) 3 -O 60) 23 .000 (.383 or AV* nearly. 

___ f OA * 



180 

.5 or t * 5 , which 

, . .- 

is a decimal of the same value 

500 

with the proposed vulgar Frac¬ 

480 

tion 

200 


180 

20 , Sec. 


Every quantity may be considered as a fraction of a larger of the 
same kind; as a league, the ^ of a degree ; an inch, the of a 
foot, &c.; and therefore may be reduced to a decimal fraction, as in 
the following 

1XAMFLX8. 


What decimal part-of a Foot 
is 9 Inches? 

12) 9.00 


•7 or which 
is equal to of a Foot, 


What is the decimal value of 15 Miles, 
considered as a Fraction of a De* 
jyec ? 

60) 15 .00 ( .25 or 
120 


300 

300 
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When the given quantity consists of several denominations* re¬ 
duce them to the lowest, as in common arithmetic; likewise reduce 
the integer to the same denomination; then proceed as before. 

XXAMTL 1 S. 


Reduce 1 Foot 6 Inches to the 
decimal of a Yard. 

F. In. T. 

1 6 3 m 1 Yard 

12 12 

18 Numeral. 36 Denomin. 

36) 18 .0 (.5 Answer. 
189 


Reduce 21 Minutes 54 Seconds to thf 
decimal of a Degree. 

Min. Sec. Sec. 

21 54 «= 1314 Numerator 
1 Deg. or 60 0 = 36*00 Denomiua. 

3600) 1314.000 (.365Answer. 
10800 

23400 

21600 


18000 

18000 


To find the Vulut of a decimal Fraction in Money , Weighty 

Measure , Sfc. 

Rule. Multiply the decimal by the number of parts of the next 
inferior denomination contained in the integer; pointing off in die 
product as many places for decimals, to the right hand, as the given 
decimal consists of, and those to the left hand will be an integer 
number: then multiply the remaining decimals by the number of 
parts contained in the next inferior denomination, and point off 
the decimals as before. Proceed thus till it is brought to the least 
denomination. 

, ^ * 

Examples. 


What is the value of .875 of 
a pound Sterling? 

.875 

20 


What i$ the value of . 42 } of a 
Degree*? 

.42 

60 


Shillings 17.500 
12 

Pence 6.000 
Ans r . 17* 6 d 


Min. 25 .20 

6*0 * 

Seconds 12 .00 

Ans f . 25 Minutes 12 Seconds. 


• Wben twthi of a degree or minute are to be reduced into minutes or seconds, it map 
be expeditiously done bp multiplying the tenths by 6, and the product will give the mi¬ 
nutes or seconds required ; for example, . 5 of a degree multiplied by 6 gives 30 minutes, 
and .9 of a minute, 54 Seconds. On the contrary, to reduce minute* and seconds U 
tenths of a degree or minute, divide them by 6. 
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What is the value of .16669 
of a Yard? 

.16669 

3 

f Feet .50007 
' - 12 

Inches 6.00084 
Ans r . 6 laches nearlv. 


What is the value of • 259 of a 
League? 

.259 

3 


Miles . 777 

8 


Furlongs 6.2l6 
220 


Yards 47.520 

Ans r . 6 Furlongs 47-52 Yards. 


RULE of THREE. 

When three numbers are given to find a fourth proportional, the 
method by which it is performed is called the Rule of Three, and is 
the same in decimals as in common arithmetic;—viz. by multiply¬ 
ing the second and third terms together, and dividing the product by 
the first, when the quotient will give the fourth term or proportional 
number required, of the same kind with the second. If the given 
numbers consist of several denominations they are to be reduced to 
decimals by the preceding rules. 


KXAMPLRS. 


If a Ship sail 49.5 Miles ia S 
Hours, how many Miles will 
she run in 24 Hours, sup¬ 
posing her to go at the same 
Rate ? 

tutors Miles Hours 

s : 49.5 : : 24 

24 

1980 
990 , 


8) 1188.0 


Miles 148.5 Ans r . 


Suppose a Watch or Time-piece 
gains 14 seconds in 5 Days 6 
Hours, how much will it gain in 
17 Days 15 Hours ? 

6 Hours = .25 of a day 

15 Hours = .625 of a day 

days seconds days 

5.25 : 14 : : 17.0*25 

17.625 


70500 

17625 

> - ■ seconds 

5.25) 246.750 (47 Ans T . 
2100 


3675 

3675 
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Log ARlT HMS * are a series of artificial number** originally 
invented by Lord Napier, Baron of Marchiston in Scotland, and 
afterwards improved by Mr. Briggs, in order to expedite long cal¬ 
culations in Arithmetic; for by using these numbers, the tedious 
operations of Multiplication and Division aie avoided and performed 
by Addition and Subtraction. This method of calculation is called 
Logarithmical Arithmetic* 


MULTIPLICATION. 

Rule. Add together the logarithms of the two numbers to be 
multiplied (found in Table XXIV,) and their sum will be a Loga¬ 
rithm, the natural number corresponding to which will be the pro¬ 
duct required: if either the multiplicand or multiplier, of both of 
them, should consist wholly of decimals, and the index of the duni 
exceed 10, reject the 10 and the remainder will be the indek of the 
Logarithm answering to the product. 


EXAMPLES. 


Multiply 25 
by 3 

Log. : 1.3979* 
Log. 0.47712 

Multiply 

by 

23 .1 
.6 

Log. 1.365488 
Log. 9-778151 

Product 75 

Log. 1.87506’ 

Preduct 

13.92 

Log. 1.143639 

Multiply 3.71 
by 2.5 

Log. 0.56937 
Log. 0.39794 

Multiply 

by 

.246 

Log. 9.390935 
Log. 8.845098 

Product 9*275 

Log. O. 96781 

Product 

.01722 

Log. 8.236033 


DIVISION. 

Rule. From the logarithm of the dividend Subtract the loga¬ 
rithm of the divisor, and the remainder will be a logarithm, whose 
corresponding number will be the quotient required. When the 
index of the divisor exceeds that of the dividend* borrow 10, and tht 
remainder will be the index of the quotient. 

*. • Per the bdatnry, ntooe, ttul construdtioti 61 Logarithms, see (he iatmduetimi to Dr. 
Hatton’s set of Mathematical Tables ; and for the manner in trhiefe they a re tsmigri ' 
hod are to be takeu out ia this Work, sea the explanation to Table XXIV. 

c 
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LOGARITHMIC AL ARITHMETIC. 

EXAMPLES. 

Log. 1.87506 


ia 

Divide 75 
by 3 

Quotient 25 

Divide 9.275 
by 2.5 

Quotient 3.71 


Log. 0.47712 
Log. 1.39794 
Log. 0.96731 
Log. 0.39794 

Log. 0 .56937 


Divide 139.2 
by 6 

Quotient 23.2 
Divide .01722 
by .07 

Quotient .246 


Log. 2.143639 
Log. 0.778151 

Log. 1.365488 

Log. 8.236033 
Log. 8.845098 

Log. 9.390935 


INVOLUTION. 


Involution is the raising of powers from a given root. When 
a number is multiplied by itself tne product is called its 2d power, 
or square; when this product is multiplied by the given number, the 
last product is called its 3d power, or cube; and when the multipli¬ 
cation is again repeated, the 4th power, and so on: The 1st power 
or number thus raised is called the root , and the number of the 

E ower to which the given number is raised, the index of that power; 

ence to raise or involve a number to a given power, multiply its 
logarithm by the index of the power to which it is to be raised, and 
theproduct will be the logarithm of the power sought. 

When the given number is a decimal Fraction, prefix as many 
cyphers less one as the index of the product wants of being 10 
multiplied by the index of the power. 


EXAMPLES. 


Required the square or 2d 
power of 15. 

Root 15 Log. 1.17609 

Index . . 2 

Power 225 Log. 2.35218 

Required the cube or 3d power 
of 2.5. 

Root 2.5 Log. 0.39794 

Index . • 3 


Required the square of • 174 . 

Root .174 Log. 9*240549 
Index . . 2 

Power .030276 Log. 18.48109$ 
Required the 5th power of .2. 

Root .2 Log. 9.301030 
Index . • 5 


Power 15.625 1.19382 


Power .00032 Log. 46.505150 


EVOLUTION. 

Evolution is the extracting of the root of a given power, or find¬ 
ing a number which when raised to the given power will produce the 
given number; it is consequently the reverse of involution, and is 
performed by dividing the logarithm of the number by the index of 
the power, and the quotient will be the logarithm of the root 
required. 

When the given number is a decimal Fraction, prefix to the index 
of its logarithm a figure lessened by one than the index of the powers 
and divide the whole by the index of the power. 


Die by v^ooQle 



LOGARITHMIC A L ARITHMETIC. 


11 


EXAMPLES. 


Required the square root of 
225. 

Power 225 Log. 2) 2.35218 

Root 15 Log. 1.17609 

Required the Cube Root of 
15.625. 

Power 15.625 Log3) 1.19382 
Root 2.5 Log. 0.3979* 


Required the square or 2d Root of 
.030276. 

Power .030276 Log. 2) 18.481098 

Root .174 Log. 9-240549 

Required the 5th Root of .00032* 

Power .00032 Log. 5) 46.505150 

Root .2 Log* 9-301030 


RULE op THREE. 

Rule. Add the logarithms of the second and third terms to¬ 
gether, and from their sum subtract the logarithm of the first term, 
and the remainder will be the logarithm of the fourth term* 

Or, Add together the arithmetical complement* of the logarithm 
of the first term, and the logarithms of the second and third terms, 
the sum rejecting 10 from the index, will be the logarithm of the 
fourth term, or proportional number. 

EXAMPLES. 


If a Ship sail 49.5 Miles in 
8 Hours, how man) Miles 
will she run in 24. hours, 
supposing her to go at the 
same rate ? 

As 8 Hours Log. 0.90309 


Is to 49.5 Miles. Log. 1. 6946 1 
So is 24 Hours. Log. 1.38021 


Sum 3.07482 
0.90309 


To 148.5 Miles. Log. 2,17173 
Or thus, 

As 8brs. Arith.Co.Log. 9.09691 
Is to 49.5 miles. Log. 1 .69461 
So is 24 hours. Log. 1.38021 


To 148.5 miles. Log. 2.17173 

Rote—See these Examples 


Suppose a Watch or Time-keeper 
gains 14 Seconds in 5 Days 6 
Hours, how much will ijt gam ia 
17 Pays 15 Hours. 

As 5.25 days . Log.0.720159 


Is to 14 seconds Log. 1.146128 
So is 17 .625 days. Log. 1.246129 


Sum 2.392257 
0.720159 


To 47 seconds Log. 1.672098 
Or thus, 

As 5.25 Arith. Co.Log.9.279841 
Is to 14 seconds. Log. 1.146128 
So is 17.625 days* Log. 1.246129 


To 47 seconds Log. 1.672098 
ked in decimal Arithmetic* 


# For the method of hading the arithmetical complement of a logarithm, see tiphnstioa 
to Table XXIV. page XVI* 

C 2 

y Google 


Digitized by ' 



PRACTICAL GEOMETRY. 

DEFINITIONS. 

I. 

Geometry* is the Science or doctrine of extension, or things 
extended.;' that is, of lines, surfaces, and solids : or it is that Science 
which treats of the descriptions, properties, and relations of magni¬ 
tude in general. 

II. 

A point is that which hath no parts, being considered in mathe¬ 
matics as indivisible, and may be expressed by a dot. 

III. 

A line is that which is produced bv the motion of a point, and 
has length without sensible breadth or thickness. 

IV. 

A STRAIT LINE, Or RIGHT LINE, is that 
which lies evenly between its extremes, 

without changing its direction, and is the A —*---B 

nearest distance between the two points that 
terminate it, as ab. 

V. 

A curved line is that which is not the 
nearest distance between its extremes or c 
ends, as cd. 

A line is generally expressed by two letters at its extremes. 

VI. 

Parallel Lines are such as are in the 
same direction, being in every part at the A 
same distance from each other, and which, c 
if infinitely extended, would never meet} as 
the lines ab, cd. 

* Geometry originally meant nothing more than the art of measuring the earth, and 
is said to have been invented by the Egyptians, who had recourse to it in order to 
ascertain the artificial boundaries of their land, which was entirely obliterated by the 
annual inaitdntioa of the Nile; but the Science, in its present ox tended Maae,-c#fMtltgate£ 
the priucipal foundation of all the mathematics* 
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VII. . 

A Superficies, or Surface, is that which is conceived to have 
length vmd breadth only, without any consideration of thickness, 
and its boundaries are lines. 

VIII. 

A Plane Superficies is that which lies evenly between its 
extremes, so that a right line may wholly coincide with it in all 
parts and directions. 

IX. 

A Solid is that which hath length, breadth, and thickness, and 
its bounds or extremes are Superficies. 

X. 

A Circle is a plane figure bounded by a 
curved line called the Circumference, as 
abd, which is in every part equally distant 
from a point within it called the Center, 
as c; it is formed by the revolution of a 
line about one of its extremities, which ie^ 
mains fixed. 

The Circumference of itself is often called 
the Circle, although properly the circle is 
the space contained within the circumfer¬ 
ence. 

The Circumference of every circle is usually supposed to be divided 
into 360equal parts called degrees, each degree into 60 equal parts 
called minutes, each minute into 60 equal parts called seconds, 
and so on. 

Degrees, minutes, and seconds, are thus expressed, 40° 32*15*$ 
that is 40 degrees, 32 minutes, and 15 seconds. 


a 



XI. 

An Arch or Arc of a Circle is any part p 

of the Circumference, as dfe. 


xn. 

A Chord is a right line joining the ends 
of an Arch, as db ; it divides the Circle into 
two unequal parts called segments; as dfr 
and doe. 
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XIII. 

O 

A Diameter is a right line drawn thro’ 
the center of a circle, and terminated at 
both ends by the Circumference, as acb ; it 
divides the circle into two equal parts called 
semicircles; as agb and afb. C 

XIV. 

A Quadrant is half a semicircle, or the 
fourth part of the whole Circle, as acg or 

GCB. 

XV. 

A Radius or Semidiameter is a light line drawn from the 
center to any part of the Circumference, and is the extent taken 
in the compasses to describe a circle, as ca, cg, or cb. 





XVI. 

A Sector is any part of a Circle, compre¬ 
hended between the Radii and their included 
Arch, as acb. 


XVII. B 

An Angle is the inclination or opening of y 

two lines meeting in one point: the point y 

where they meet is called the angular point, y 
as a; and the lines that include it, the Sides or y 
Legs, as ab, or ac. a ' n 



XVIII. 

An Angle is sometimes expressed by three Letters, the middle 
one always denoting the angular point, and the other two the Legs 
that include it; but generally by the Letter at the angular point 
only; as the Angle bac, or the Angle a. 


xrx. 

An Angle is measured by an Arch of a Circle 
contained between its Legs, making the angular 
point the center of the Circle; thus the Arch 
ab is the measure of the Angle acb. 
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XX. 

Angles are said to be equal to each other 
when the Arches that measure them are equal, 
as the Angles acb and def. 


XXL 

One Angle is esteemed greater or less G 
than another according as the Arch be¬ 
tween its legs are greater or less; thus the 
Angle ohi is greater than the Angles acb 
or DEF. 

From the preceding definitions it will appear evident that the 
measure of an Angle does not depend on the length of its legs, but 
on their inclination only; for, as we have just seen, the Angle aiii 
is greater than the Angles acb or def, although the Legs of the 
latter are longer than those of the former. 

XXII. 

As all Circles are supposed to be divided into SfiO equal parts, called 
degrees, &c. a certain number of these divisions will be contained 
between the two legs of the Angle; wherefore an Angle is said to 
measure so many degrees, minutes, See. as are contained in the 
Arch between the Legs. 

XXIII. 

The Arch which measures an Angle may be described with any 
radius; for, since the whole circumference of every circle is sup¬ 
posed to be divided into the same number of parts, it hence follows 
that the divisions will be greater or less in the same proportion as 
the whole circumference. 

XXIV. 

When one right line falls upon another, so 
as to make the Angles on each side of it 
equal, it is called a perpendicular, and 
the Angles formed by these lines, as the 
Angles acd, nc a, are called right Angles; 
now, as the semicircle adb contains 180 
degrees, (the half of SCO,) all right Angles 
will contain an Arch of 90 degrees, equal to the fourth part of the 
whole Circle. 
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XXV. 

An Acute Angle is that which contains less 
than a right Angle, or QO degrees, as the Angle 

CAB. 


t 



XXVI. 

An Obtuse Angle is that which con- F 
tains more than a right Angle, or jJO de¬ 
grees, as the Angle fde. 


XXVII. 

: Acute and obtuse Angles are called Oblique Angles. 



XXVIII. 


The Sine or Right Sine of an Arch, 
is a right line drawn from one extreme 
of the Arch, perpendicular to a Diame¬ 
ter drawn 10 the other extremity, and is 
equal to half the Chord of double the 
Arch; thus de is the Sine of the Arch 
db, and is equal to half the Chord di 
of double the Arch dbi. 


XXIX. 



The VersEd Sine of an Arch is that part of a diameter contained 
between the Sine and the Arch ; thus eb is the Versed Sine of the 
Arch pb. 


XXX. 

The Tangent of an Arch is a light Hoe drawn from one end of 
the Arch, and continued till it meets a right line drawn from the 
center through the other end of the Arch; thus ab in the Tangent 
of the Arch pb. 

XXXI. 

• The Secant of en Archie a right line draw* from the center 
through one end of the Arch till it meets the Tangent drawn from 
the other end : thus ca is the Secant of the Arch pb. 
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XXXII. 

The Complement of an Arch is what it wants of a right Angle, 
or 90 degrees; thus gd is the complement of db, or db of dg. 

XXXIII. 

The Supplement of an Arch is what it wants of two right 
Angles, or 180 degrees; thus ld is the Supplement of db, or db 

of LD. 

XXXIV. ♦ 

The Co. Sine, Co. Tangent, Ccu Secant, and Co.V ebbed 
Sine of an Arch, is the Sine, Tangent, Secant and Versed Sine 
of the Complement of that Arch; Co. being a contraction of the 
word Complement: thus df is the Co. Sine, gh the Co. Tangent, 
ch the Co. Secant, and of the Co. Versed Sine, of the Arch db^ be¬ 
ing the Sine, Tangent, gcc. of the Arph dg, tjie Complement^ of 
the Arch db. 

The Sine, Tangent, and Secant of an Arch, as of db, is likewise 
the Sine, Tangent, and Secant of the Supplement of that Arch^ 
as of ld. . ( , , 

XXXV. ' ' *' 

. , - , . 'i “ ’ 

An Angle being measured by an Arch of a Circle, (see Def. XIX.) 
the Sine, Tangent, &c. of an Arch is the Sine Tangent, &c. of 
the Angle which is measured by the Arch, or of the degrees and 
minutes, &c. that the Arch contains; hence, supposing the Arch 
db, which measures the Angle dcb, to contain 50-degrees,'the 
lines de, ab, ac, and eb, will be respectively the Sine, Tangent, 
Secant, and Versed Sine of the Angle acb, or of 50 degrees; and 
consequently the Co. Sine, Co. Tangent, Co. Secant, and Co. 
Versed Sine, of the Angle gcd, or of 40 degrees, the Complement 
of 50 degrees. 

XXXVI. 

A Plane Triangle is a figure bounded by three right lined, and 
contains three Angles, of which there are several kinds, both With 
respect to their sides and their Angles. 1 

XXXVII. P 

An Equilateral Triangle is that which 
has all its three sides equal to one another, 

as ABC. 

• A 

D 
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XXXVIII. 


An Isosceles Triangle is that which 
has only two sides equal, as def. 



XXXIX. 

A Scalene Triangle is that whose 
aides are ail unequal, as ghi. c 



i to . 


XL. 


A Right Angled Triangle is that 
which has one of its Angles right, or con¬ 
taining 90 degrees, as the Angle a ; the side 
opposite the right Angle is called the Hypo- 
then use, as bc; and the other two sides 
are called Legs, that which stands upright, 
the Perpendicular, as ac # and the other the Ba$e, as ba. 


XLI. 

An Acute Angled Triangle is that 
which has all its Angles Acute, as def. 



XLII. 

An Angled Tkjanglb is 

tha* which has one of its Angles obtuse, 
as the Angle h in the Triangle ghi. 

G 



XUU. 

Ail Triangles that are not right Angled, whether they are acute 
or obtuse, are, in general terms, called Oblique Angled 
Triangles, without any other distinction. 


Digitized by v^ooQle 





PRACTICAL GEOMETRY. . 19 


PROBLEMS. 


PROBLEM I. 

To divide a given line ab into two equal parts. 

Take any extent in the Compasses 
greater than half* the line ab, and with 
one foot in b describe an Arch ; with 
the same Radius and one foot in A, de¬ 
scribe an Arch cutting the former in c A 
and d ; through c and D draw a right 
line, and this line will divide the given 
line ab into two equal parts at the 
point £• 

In this manner any Arch of a Circle 
may be divided into two equal parts. 

PROBLEM II. 

From a given point c, in a given right line AB, to raise a 

perpendicular. 

Case 1st. When the given point c 
is near the middle of the line ab. 

With one foot of the Compasses in 
o, at any distance, draw an Arch 
cutting the line ab in d and e ; from 
the points d and e, with any distance 
greater than ce or cn, describe two 
Arches cutting each other in f ; thro* 
the points f and c draw the line ic, 
and it will be perpendicular to the given line ab. 

Case 2d. When the given point c is 
at, or near, the end of the line ab. 

Take any point out of the line, as D, 
and with the distance DC describe a 
Circle cutting the line ab in e and c; 
through the center D and the point E, 
draw the right line ef cutting the Circle in 
r; then a line drawn through f and c will 
be the perpendicular required. 

D^ 
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Or thus: Describe the Arch de at any 
distance from c and with one foot of the 
Compasses in d, with the same extent, 
describe an Arch cutting the Arch de in 
E; from this point, keeping the same ...£ 

extent in the Compasses, draw the Arch 
G; through n and e draw the right line 
dg, cutting the Arch in G ; then draw a 
right line through G and c and it will A 
be the perpendicular required. 


PROBLEM III. 

From a given point c to let fall a perpendicular on a given 

line ab. 

Case 1st. When the point c is nearly c 

opposite the middle of the line ab. 

With one foot of the Compasses in c 
describe an Arch cutting the line ab in d 
and e ; from these points, at any distance, 
describe two Arches cutting each other in 
f ; through the points c and f draw a right 
line, and it will be perpendicular to the 
given line ab. 


' : * 


Case 2 d. When the given point c is 
nearly opposite the end of the line ab. 

Place one foot of the Compasses in any 
part of the given line, as at a, and with 
the distance ac describe the Arch ce; 

•then, from any other part of the given 
line nearly under the point c, as at d, a~ 
with the distance DC describe a small Arch 
cutting the Arch ce in E,then a line drawn 
through the points c and e will be perpen¬ 
dicular to the line ab. 


PROBLEM IV. 

To draw a right line parallel to a given right line 


Case 1 st. When the parallel line is to 
pass through a given point d. 

. Take the nearest distance between the 
given point d and the right line ab ; with A 
that distance set one foot of the Compasses 
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on any part of the line ab, as at c, and describe the Arch e; from 
the point d draw a line so as just to touch the Arch.E without 
cutting it, and that line will be parallel to the given line ab through 
the given point d. 

Case 2d. When the parallel line is to V _ ^ 

be at a given distance from the right .**•-. \ 

line ab. 

With the given distance in the Com- A - p -5—» 

passses, describe two Arches d and E 

from any two points as f and o in the given right line; then a line 
de drawn just touching the two Arches without cutting them, will 
be parallel to the given line ab. 

PROBLEM V. 

At a given point d in the right line df to make an angle edf equal 
to a given Angle cba. 

With one foot of the Compasses in B, 
at any distance describe the Arch gh ; 
through d draw the line df, and, keeping 
the same extent in the Compasses, place 
one foot in d and describe the Arch in ik ; 
then take the distance gh, apply it to the 
Arch ik from k to 1, and through the 
points d and 1, draw’ the line de ; the Angle 
edf will then be equal to the Angle cba, as 
was required. 



PROBLEM VI. 

To divide a given Angle abc into two equal parts . 

From the angular point b with any ex¬ 
tent in the Compasses describe the Arch 
de ; from d and e, w ith the same or any 
other extent, describe two Arches cutting 
each other in f ; through the points b and 
F draw a right line, and it will divide the 
Angle into two equal parts. 

In the same manner any given Arch of 
a Circle is bisected when the center of the Circle is given. 
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PROBLEM VII. 

To divide a Circle abcd into two, four, eight, sixteen, thirty-two, %c 

equal parts . 

Draw a Diameter ab, and it will di- C 

vide the Circle into two equal parts; 
from the points a and b describe the 
Arches at c and D,a line drawn through 
these will divide the Circle into four 
equal parts; then bisect the Arches ac, 
cb, &c. by the last Problem, and the A 
Circle will be divided into eight equal 
parts, and so on by continual bisec* 
tions. 

This Problem is useful iu construct* 
ing the Mariner’s Compass. 

D 



PROBLEM VIII. 


To draw the circumference of a Circle through any three given 
points a, b, c, not situated in a right line. 

Draw lines joining ab and bc, and 
bisect them by lines meeting in o, as 
directed in Problem 1.; then from 
o at the distance of any one of the / 
points, as o A, describe a Circle, and it 
will pass through the other points b \ 
and c as required. 

In this manner the center of a 
Circle may be found; for taking any 
three points in the Circumference, 
and proceeding as before directed, 
the lines meeting at o will give the center required. * 



PROBLEM IX. 


To divide a givfn line ab into any proposed number of equal parts. 

Let it be required to divide the line $ j?...- C 

ab into seven equal parts: from one 5 . 

end a of the given line ab draws right \ \ \ \ 

line ac, making any Angle with ab, Apt— : t— \ —t— 

and from the other end B draw a \ \ \ . •£" '* * 

line bd parallel to ac ; on each of the \ X ' ^ 

lines ac, bd, beginning at a and B, set D ^ f * 

off as many equal parts as ab is to be divided into, viz. seven; 

then lines drawn from a to 7, 1 to 6, 2 to 5, 3 to 4, &c. will divide 

the given line into seven equal parts. 
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PROBLEM X. 

To construct Scales of equal parts . 

The simplest Scale of equal parts is made by drawing* a strait line, 
and dividing it with a pair of Compasses into as many primary 
divisions as convenient, which if the line is of a definite length 
may be done by Prob. IX., and subdividing one of these deci¬ 
mally, or into ten equal parts; then each of the former may 
npresent 10 units, as leagues, miles, 8cc. and in that case the 
latter will represent one of these units; or if the larger divisions 
are supposed to be 100, then the subdivisions will be tens, and so 
on: suppose, for example, it were required to set off from the 
Scale 25 or £50 ; set one foot of a pair of Compasses on £ among 
the primary divisions, and the other on the 5th subdivision; then 
this extent will represent 25 or 250 miles, leagues, or any other 
measure of length as it may be required. 

There are frequently several of these Scales drawn parallel to 
each other of different lengths on a flat rule, (as Fig. 1, Plate I.;) 
they are divided into as many equal parts as the length of the rule 
will admit; the numbers placed on the right hand shewing how 
many parts in an inch each scale is divided into. These Scales are 
sometimes subdivided duodecimally to adapt them to feet and inches 
when used in Mensuration, or sexagesimallj to represent degfoes 
and miles on Maps and Charts. 

But the most correct Scale of equal parts is the diagonal Scale, 
(Fie. 2, Plate I.) the larger divisions of which are commonly an 
Inch or half an Inch, and sometimes a quarter of an Inch, sub¬ 
divided into one hundred equal parts; to construct this scale draw 
eleveq parallellincs at equal distances ; divide the upper of these 
lines ae into such a number of equal parts as the Scale is intended 
to contain ; from each of these divisions draw perpendicular lines 
through the eleven parallels to the line cr: subdivide the first of 
these divisions ab and cd into ten equal parts, and froth the point 
c to the first division in the line ab, draw a diagonal right line, 
and lines parallel to this through each succeeding subdivision ; then 
will each diagonal line in passing from the line ba to dc be one 
tenth of the subdivisions furtber from the line db at the points 
where they intersect each succeeding parallel from ba to dc, that 
is, one hundredth of the larger divisions, by which means it is 
divided into one hundred equal parts. 

If therefore the larger divisions be accounted as units, the first 
subdivisions will be tenths, and the second, marked by the diagonals 
upon the parallels, hundredth parts; but if we suppose each of the 
larger divisions to represent ten, then the first subdivisions will 
be units, and the second tenths; or if the larger divisions be 
hundreds, then will the first subdivisions be tens, and the second 
wnits; so that the value of the subdivisions depend on that of the 
larger divisions. 
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( The numbers 376, 37.6, 3.76; tn&yHbtrefore all be expressed by I 

the same extent of the Compasses ^ thus setting one loot in the j 

■line marked 3 of the larger divisions, on th6 sixth parallel, and | 

^extending the other along the same parallel,to the seventh diagonal, i 

.that.distance will be the extent required; for if the three larger j 

’divisions be taken for 300, seven of the first subdivisions will, be ( 

70, which upon the sixth parallel, taking in six of the secoud sob- I 

.divisions for units, makes the whole.number 376; or if the three 1 

larger divisions be taken for 30, seven of the first subdivisions will | 

'be seven units, and the six second subdivisions, upon the sixth j 

'parallel, will be six tenths of a unit: lastly, if the three larger f 

divisions be esteemed only as 3, then will thq first subdivisions be 1 

seven tenths, and the six second subdivisions be the six hundredth ; | 

parts of a unit. , J 

PROBLEM XL 

To construct Lmes of Chords, Sines, fyc. 1 

^ 1 * * * * - i 

Describe a semicircle adb with any convenient radius, (Fig. 3, 
Plate 1,) and upon the center c,erect the perpendicular c D.continued 
at pleasure to J ; through b draw be parallel to cf, and draw the 
right lines ad and db. Divide the quadrant db into 9 equal parts, 
and with one foot of the Compasses in b and the distances b 10, 

‘ b 20,&c. transfer them to the right line an, which will be a line of 
Chords. r | 

Divide the quadrant ad into 8 equal parts, and with otie foot of • 
tlie Compasses in a, and the distance a 1, a 2, &c. transfer them 
to the right line ad and it will be a line of Rhumbs, containing j i 
eight points of the Compass. ' 

From the points 10, 20, SO, &c. in tlie. Arch db, draw lines 
parallel to dc which will divide the radius c.b into a Line of Sines, 
ieckouing from c to b, or of versed Sines, if it be numbered 
from b to c ; which may be continued to 180, if the same divisions 
.be transferred to the line ca, the other half of the diameter. I 

From the center c draw right lines through the several divisions 
of the quadrant db nntil they cut the line be which will become a 
line of Tangents*. j 

Transfer the distances between the center r; and the divisions on l 
the line of Tangents, to the. line df. and these will give the divisions 1 
of the line of Secants, which must be numbered from d 
* towards F. 

From a draw, right lines through the several divisions of the Arch 
bd, and they will divide the radius CD into a line of Sbmi- 
tan gents, which are to be marked with the corresponding figures 
of the Arch db. 

• From the construction of the lines of Chord*, Sine*, and Tangents, it ic t>bvious 
that the Chord of 6o°, the Sine of 90°, and the Tangent of 45*, are all equal to the 
adiu* of the Circle. . ‘ ; 
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Divide the ratlins ac into G equal parts; through each of these 
draw lines parallel to cd, intersecting the Arch ad, then, with out 
foot of the Compasses in a, and the distances on the Arch A 50, 
a 40, $tc. transfer these to the right line ad, and it will give ihe 
divisions of the line of Longitude. 

If this line be laid upon the Scale close to the line of Chords, bo 
that 6*0 on the line of longitude be opposite 0 on the Chords, and 
any degree of latitude be counted on the Chords, there will stand 
opposite to it, on the line of longitude, the miles contained in one 
degree of longitude in that latitude; the measure of a degree at the 
Equator, being GO'Miles. 

In the Figure the divisions are given only to every tenth degree, 
and each point of the Compass, which is sufficient to explain the 
method of construction ; but in Figure 4, these lines are graduated 
to degrees, and the Rhumbs to quarters, and placed parallel as 
exhibited on one side of a flat Rule, which, with the scale of equal 
pans on the other side, constitutes ihe Instrument called a Plane 
Scale. 

Besides the lines already mentioned, there are frequently on tha 
Plane Scale a line of leagues and a few other lines, which are only 
so many scales of equal parts, each having the equal divisions of 
different lengths, for the more readily laying down lines and figures 
of different lengths and magnitudes. 

PROBLEM XII. 


To make an Angle that shall contain any proposed number of 

degrees . 

Case 1st. When the given Angle isright, C 

that is, contains 90 degrees. . .. 

Draw the line ab, and from the Scale take 
the extent of the Chord of (iO degrees in the 
Compasses; then set one Foot of the Com¬ 
passes in a, and with the other describe the / \ 

Arch ed, and setoff thereon, from e to D, the a \ 

distance of the Chord of 90°; through a and A £- B 

d draw the right line ac, then will the Angle bac be a right Angle. 
By this method a perpendicular may easily be raised on a given line, 
since the Angle formed by one line that is perpendicular to another, 
is always a right Angle. 


Case 2 d. When the Angle is to be acute; d/c 

suppose one that shall contain 4t$ degrees. X\ 

Draw the line ab, and with one foot of X 

the Compasses in a, (the Chord of 60 degrees XL \ 

being taken as before,) draw the Arch ed, a X^ : £ 

on which set off 48 degrees from £ to d ; e 

through a and d draw the right line ac; then will the Angle bac 
be made, containing 48 degrees, As was required. 
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Case 3d. When the Angle is to c 
be obtuse; suppose one that shall 
contain 126°3(/. 

Draw ab, and from the point a 
with the Chord of 60°, as before, draw 
the Arch de, and, as the divisions 
on the scale extend no farther than 
90 °> first setoff 90° from e to f; then 
set off the remainder, or excess above 
90°, that is, 86° SO', from f to d ; draw the line ac, and the An 
Bac will contain 126° SO 7 . 



—B 

gle 


PROBLEM XIII. 

To measure a given Angle bac . 

With one foot of the Compasses in the angular point, and with 
the Chord of 60 degrees, describe the Arch de (see the Figures in 
Problem XII.) cutting the legs in d and e; then the distance de 
applied to the line of Chords, from the beginning, will shew the 
measure of the Angle bac, if it contains less than 90 degrees; but 
when the Arch exceeds that quantity, take 90 degrees from the line 
of Chords, and set it off from e to f, then measure the excess df, 
and their sum will give the measure of the Angle required. 

The construction of Triangles will be explained in Trigonometry; 
but before the Learner begins that subject, we would recommend 
him, if he have time, to study the Use of Gunter’s Scales and the 
Sector, as these Instruments will afford him easy, elegant, and 
concise methods of resolving Triangles. 


DESCRIPTION AND USE 

OF* 

GUNTER’S SCALES. 


OF THE COMMON GUNTER. 


This Instrument is a flat Rule, usually tw r o feet in length, and 
about an inch and a half broad, having on ohe side Equal Parts, 
Rhumbs, Chords, &c. as on the Plane Scale; and on the other the 
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logarithms of these numbers; hence the lines on this side are called 
logarithmic lines: they were invented by Mr. Edmund Gunter, who 
applied the logarithms of Numbers, and of Sines and Tangents to 
strait lines, by taking the lengths expressed by the figures in those 
logarithms from a scale of equal parts, and applying them to lines, 
as laid down on the Rule. 

On the logarithmic side of the common Gunter are the eight 
following Lines. 

1. A lint of Sine Rhumbs , marked s. R., which contains the 
logarithms of the natural Sines of every point and quarter point of 
the Compass, numbered from the left hand towards the right, with 
1. 2, 3, 4, 5, 6, 7, 8, where a brass pin is fixed. 

2 . A lint of Tangent Rhumbs , marked t. R., corresponding to 
the logarithms of the tangent of every point and quarter point of 
the Compass. This line is numbered 1, 2, 3,4, from left to right 
and back again with 5, G, 7, from the right towards the left. To 
take off any number of points below 4, we must reckon from the 
1 towards the right hand, but any number of points above 4 we 
count towards the left hand. 

3. A tine of Numbers, marked NUM.,on which most of the others 
depend, containing the logarithms of Numbers, and is figured from 
the left hand of the Scale towards the right to 1 or 10, near the 
middle of the Scale; these divisions are subdivided into ten 
unequal parts, and these again into ten, five, or two parts, as room 
will permit; the whole of these divisions and subdivisions are 
repeated from the middle towards the right hand, being exactly of 
the same lengths, but ten times the value of the corresponding 
numbers in the first part. 

If the I at the beginning of the line represents 1 unit, the next 
primary division, marked 2, will represent 2 units, and the middle 
1 will be 10, the following 2 will be 20, the 3 will stand for 30, and 
so on, the 10 at the right b md representing 100. If the left hand 
J stands for 10, then the 2 will stand for 20, the 3 for 30, the middle 
1 for 100, the following 2 for 200, and the 10 on the right hand 
for 1000; in like manner if the first 1 be esteemed l tenth, the next 
following 2 will be 2 tenths, the middle 1 will be 1 unit, the next 2 
w ill be 2 units, and the 10 at the end will be 10 units. Again, if 
the first 1 be counted 1 hundredth part, the next 2 will be € 
hundredth parts, the middle 1 will stand for 10 hundredth parts, 
or 1 tenth, the next 2 for 2 tenths, and the 10 at the end will stand 
for 1 unit, or whole number. 

It is manifest that the value of the subdivisions must depend on 
that of the primary divisions; for, suppose the first 1 at the left hand 
be reckoned for 1 unit, then the first following principal subdivision 
will be l tenth, the second 2 tenths, and so on to the next primary 
division, which will represent 2 units; reckoning on in the same 
manner till you come to the middle l, which will represent 10, then 

E 2 
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the next following principal subdivision will be 11, the next 12; 
where a brass pin is fixed; the next primary division 20, and 
so on to 100; and in the same way will the smaller subdivisions be 
valued. 

As this line is of great importance, we shall add a few examples 
to render what has been said the more clear. Suppose the point 
vepresenting 25 be required;—tbe primary division 2 on either 
half is to be reckoned for 20, then counting forwards to tbe right, 
to the fifth principal subdivision, that point will represent 25, or 
250, or 2*300, &c. Again, let the point representing 14& be re¬ 
quired. Here the 1 at die beginning, or in the middle, may be 
esteemed 100, the fourth principal subdivision on tbe right will then 
be 140, and because the interval between 140 and 150 is divided into 
$ parts, each will be valued as 2, therefore, counting forwards 3 of 
these latter subdivisions, that point will represent 140. 

Once more ; Suppose the place of 1785 be required :—the one at 
the beginning or middle is to be taken as 1000, the seventh following ' 
principal subdivision will be 1700; the fourth following smaller 
subdivision will be 1780, and the fourth part of the next smaller 
subdivision will be the point representing 1785. 

4 « A Line of Sint*, marked Sin., beginning at the left hand, 
and numbered towards the fight at each degree as far as 10, and 
then at each 10th degree to 90 ; the subdivisions under 10 degrees 

S e usually 10 minutes; from 10 to 20each is half a degree ; from 
om 20 to 30 each is a degree ; from 30 to 80 each is 2 degrees; and 
from. 80 to 90 each is 5 degrees. 

5. A line of Versed Sines , marked v. s.; it is numbered from the 
right towards the left, at each tenth degree as far as 160; the 
subdivision* from 20 to 90 are usually each two degrees; from 90 to 
130> one degree, and from 130 to the end, half a degree. 

6. A line of Tangents , marked Tan.; it is numbered from the 
left hand towards the right as far as 45 degrees, which is equal to 
Radius, or the Sine of 90 degrees; and, since the Log. Tangent 
of an Arch above 45 degrees is tbe arithmetical complement of the 
tangent of au Arch as much less than 45 degrees, the same division 
represents 40 or 50 degrees, 30 and 60, ana so on; for if the line 
of tangents were continued beyond 45 on the right, the divisions 
would be exactly the same length only reversing the order; therefore, 
instead of such continuation, it is more convenient to reckon the 
degrees above 45, backwards, or from right to left, observing at the 
same time that the degrees above 45 are to be supposed, when using 
the line, increasing towards the right hand, as in the other parts of 
the line. 

The Subdivisions on this line are nearly the same as on the line 
of Sines; indeed, these as well as the other lines, are variously 
subdivided on different Rules, according to the accuracy and 
goodness of the Instruments 
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; 7. A line of Meridional Parris, marked mer., reckoned from 
right to left, each larger division representing 10 degrees, and the 
sandier each 1 degree, or 60 meridional miles. 

8 . A line of Equal Parts , marked e. r., numbered from right 
to left, each large division representing 10 degrees of the Equator, 
or GOO miles. The first of these divisions is sometimes divided into 
U> equal parts, each representing a degree, or 60 miles, and thesa 
again into halves or quarters of 30 or 16 miles each. 

t 

USE OF TBS LIKE OF NUMBERS. 

Multiplication is performed on this Hne by extending the 
Compasses from 1 to either of the factors *, and that extent will 
reach from the other factor to the product. 

Suppose, for example, it were required to find the product of 16 
multiplied by 5 : Set one foot of the Compasses in 1 , and the other 
in 5, then that extent will reach from 16 to 80, the product 
required. 

When the product contains four figures, the fourth cannot be 
well ascertained by the Scale, but it may be easily found by 
multiplying tbe unit figures of the factors, and the unit figure of 
their product will be that of the product required. For example, 
suppose it were required to find the product of 22 by 16 : the extent 
from 1 to 16 will reach from 22 to about 350, but as the divisions 
are too small to distinguish the last figure, therefore multiply 
2 by 6 , which will give the product 12 ; hence the product re¬ 
quired 19 352. 

Division being the reverse of Multiplication, extend from the 
divisor to 1 , and that extent will reach from the dividend to the 
quotient. 

Example—Divide 80 by 5. Extend from 5 to 1 , and that extent 
wilL reach from 80 to 16 , the quotient requited. 

To leduce a Vulgar Fraction to a Decimal, extend from the 
denominator to the numerator, and that extent will reach from 1 to 
the decimal fraction required. 

Example—Required the decimal fraction equal to Extend 
from 4 to 3 , and that extent will reach the same way from 1 to . 75 , 
the decimal required. 

To perform the Rule of Three—State the question so that the 
first and third terms may be of the same name; then the fourth^ 
term will be of the same name with the second, and greater or lesa 
than the second, as the third is greater or less than the first; tbefl 
extend the Compasses from the first to the third term, and that 
extent will reach from the second to tbe fourth term. 

• The factors are the mnabert multiplied, of which ope is called the Multiplier, eodtfcfr 
ether tba MtiUinhcepd. 
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Example—If a Ship sail at the rate of 26 miles in 3 hours, 
how many miles will she sail in 24 hours ? 

Here, as 3 hours is to 26 miles, so is 24 hours to the Answer; 
therefore, extend from 3 to 24, and that extent will reach from 26 
to 208, the miles required. 

To find the area, or superficial content of a square, or rectangle, 
extend from I to the breadth, and that extent will reach from the 
length to the superficial content. 

Example—Suppose a board or plank measures 18 inches broad, 
and 23 feet in length, required the superficial content. 

, Extend from 1 to 1.5, (= 1 foot 6 inches,) and that extent will 
reach from 25 feet to 37.5, or 37 feet 6 inches, the contents 
required. 

To find the solid contents of a Bale, Box, Chest, &c. or any other 
rectangular solid, extend from 1 to the breadth, and that extent 
will reach from the length to a fourth, number; then extend from 
1 to the depth, and that extent will reach from the fourth number to 
the solid contents. 

Example—Required the solid Contents of a Box measuiing 3 feet 
broad, 5.5 feet long, and 2 feet in depth. 

Extend from 1 to 3, and that extent will reach from 5.5 to 16.5 ; 
then extend from 1 to2, and that extent will reach from 16.5 to 33 
feet, the solid contents. 

Use of the Lines of Sines and Tangents. 

These lines are used with the line of Numbers in working 
proportions in Trigonometry, by the Rule above, as will be fully 
exemplified when we treat on that subject. 

Use of the Line of Versed Sines. 

This line is used with the line of Sines in resolving a Spherical 
Triangle when the three Sides are given to find the Angles, or the 
three Angles, to find the Sides, as wili be explained iu the Methods 
of Working an Azimuth. 

Use of the Lines of Meridional and Equal Parts. 

These Lines are always used together, and only in Mercator's 
Sailing, or in constructing a Mercator^ Chart; when the Meridional 
Parts answering to a given Latitude is required, it is found by 
taking the extent from the beginning of the line of Meridional 
Parts to the given Latitude; this extent being applied to the line of 
equal parts, will give, in degrees, the Meridional Parts required. 
Or, if the Meridional Difference of Latitude between two places be 
wanted, the extent from one Latitude to the other on the iine of 
Meridional Parts will give, when applied to the line of equal parts, 
the Meridional Difference of Latitude in degrees, which are to be 
reduced to miles. 
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OF THE SLIDING GUNTER. 

Th is Instrument is nearly of the same dimensions with the 
common Gunter, blit consists of three pieces of wood ; the extreme 
pieces being connected by thin plates of brass at each end, and the 
third made to slide in grooves between them. The lines on this Scale 
are constructed and graduated as on the Plane Scale and common 
Gunter ; we shall therefore only remark here, that there are two 
lines of Numbers, Sines, and Tangents, one on the fixed part of 
the Scale, and the other on the slide ; and that there is likewise a 

third line of Numbers on the Slide opposite a line of Sine Rhumbs, 

\ 

Use of the Line of Numbeds, 

To perform Multiplication by these lines, set 1 on the sliding 
line to one of the factors ou the fixed line, then opposite the other 
factor on the slide will be found the product on the fixed line. 
Example—To find the product of 16 multiplied by 5, draw out the 
slide until 1, on its line of Numbers, coincides with 5 on the 
fixed line, then opposite 16 on the sliding line, will be €0 on the 
fixed line. 

Division is performed bv drawing out the slide until the divisor 
on its line coincides witli the dividend on the fixed line; theu 
opposite to 1 on the sliding line will be the quotient on the fixed 
line. Example—To divide 124 by 4, set 4 on the sliding line to 
coincide with 124 on the fixed line ; then opposite to 1 on the slide, 
will be 31, on the fixed line, which is the quotient required. 

To work the Rule of Three, let the question be stated so that the 
first and third terms may be of the same name, then the fourth 
term will consequently he of the same name w ith the second, and 
greater or less than the second, as the third is greater dr less thau 
the first. Now, set the first terSi on the sliding line opposite to the 
third term on the fixed line, and the fourth term will be found on 
the fixed line opposite to the third term on the sliding line. 
Examples—If 3 Yards of Cloth cost 21 Shillings, what will be the 
value of 27 Yards? Now, as 3 Yards : 21 Shs. :: 27 Yds. : the 
Answer: therefore set 3 on the sliding line of Numbers to 27 on 
the fixed line, then opposite to 21 on the sliding line will be found 
189 on the fixed line, the fourth term or number of shillings 
required; equal to 9 Pounds y Shillings.—Again; suppose a Ship 
sails 170 Miles in 24 Hours, at what Rate is that per Hour? 
As 24 Hrs. : 170 Miles :: 1 Hour : the Answer. Set 24 on the 
Sliding line of Numbers to 1 on the fixed line; then opposite to 
170 on the sliding line is 7 T * on the fixed line, the Miles and'parts 
that the Ship sails per Hour. 

The Use of the Lines of Sines and Tangents on this Rule will 
he fully explained when we treat on Trigonometry, and the various 
Sailings. 
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S E C T O R. 


This Instrument is formed of two equal rules or legs* moveable 
about a center or joint, on the faces of which are drawn several 
lines or Scales, some proceeding from the center, called sectoral 
lines, and others parallel to the edge of the rules, similar to those 
laid down upon a common Gunter. 

The Sectoral Lines are drawn twice on the same face of the 
Instrument, that is, once on each leg; those on one face are, 
1. Two Scales of equal parts marked Lin*, or L ; each of these 
scales, from the great extensiveness of its use, is called the Line of 
Lines. 2. Two Lines of Chords, marked Cho. orC. S. Two Lines 
of Secants, marked Sec. or S. 4. Two Lines of Polygons, marked 
Pol. Upon the other face the sectoral lines are, 1. Two Lines of 
Sines, marked Sin. or S. 2. Two Lines of Tangents, marked Jan. 
orT. 3. Between the lines of TAngents and Sines, two other lines 
of Tangents, marked f, to a less radius, to supply the defect of the 
former, and extending from 45 to about 75 degrees. 

The lines of Chords, Sines, Tangents, and Secants, are con¬ 
structed upon the same principle as those on the Plane Scale, 
making the length of the line of Chords the radius of the Circle, 
(see Geom. Prob. XI.) 

Each pair of the sectoral lines (except the line of Polygons,) 
are numbered from the center, and so disposed as to make equal 
Angles at the center, consequently at whatever distance the Sector 
he opened, the Angles will always be respectively equal; that is, 
the distance between 10 and 10 on the line of lines, will be equal 
to 60 and 60 on the lines of Chords, 90 and 90 on the lines of Sines, 
and 45 and 45 on the lines of Tangents. 

The other lines on the Sector being for the most part such as arc 
nsually drawn upon the Gunter’s Scale, which have already been 
described, it wiH be unnecessary here to enumerate them ; wc shall 
therefore only observe that the logarithmic lines, being placed 
partly on one leg and partly On the other, are to be used with the 
legs frilly opened. 

Tfie Use of the Sectoral Vines is founded on a property of similar 
Triangles, namely, that their corresponding sides are proportional* 
Let cb, ca, (Fig. 5, Plate I.) represent a pair of Sectoral lines, 
forming the Angle acb; divide them each into any number of equal 
part$> as ten for instance, and. draw lines to the corresponding 
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numbers on each line, as from 2 to 2, 4 to 4, &c. These lines will 
form a series of Triangles, as c 2 2, c 4 4, &c. all similar to the 
Triangle cab, therefore it will be, as c 2 is to ca, so is 2 2 to 10 10, 
or ab ; and as c 2 is to 2 2, so is ca to ab, and so on for the other 
corresponding lines. 

Hence also if the lines ca, cb, represent the lines of Chords, 
Sines, Tangents, or Secants; and if ca be the radius, and the line 
c2the Chord, Sine, Tangent, or Secant, of any proposed number 
of degrees, then the line 2 2 will be the Chord, Sine, &c. of the 
same number of degrees to the radius a b. 

We shall now proceed to explain some of the most important 
uses to which the Sectoral lines may be applied ; previous to which 
it will be necessary to observe, that in all operations the distances 
are to be taken with a pair of Compasses from the innermost of the 
three lines which bound the divisions, that being the line proceeding 
from the center; it is likewise to be understood, that the measure 
taken from the center to any part of a sectoral line, is called a 
lateral distance, and that the measure taken from any point in one 
line to its corresponding point in aline of the same name, is called 
a transverse, or parallel distance. 

Use of the Lines of Lines. 

L To divide a given line into any number of equal parts: for 
example suppose 9. Take the length of the given line in the 
Compasses, and make it a transverse distance from 9 to 9* the 
number of parts proposed; then will the transverse distance of l 
and 1 be one of the equal parts, or the 9th part of the whole; 
and the transverse distance of 2 and 2 will be 2 of the equal parts, 
or \ of the whole line, and so on. 

Note—When the line to be divided is too long to be applied to 
the legs of the Sector, take some aliquot part of it, as the hal£ the 
third, &c. and double or triple the lengths of the transverse distances 
taken from the Sector. 

2. To divide a given line into any number of parts that shall 
be in any assigned proportion; as, suppose three parts, in the pro¬ 
portion of 2, 3, and 4 . Make the given line a transverse distance 
to 9> the sum of the proposed numbers 2, 3, 4; then the transverse 
distances of these numbers severally will be the parts required. 

3. To find a Jonrth proportional to three given lines or numbers; 
as, suppose to 8, 4, and 6. Take the lateral distance of 4 in the 
Compasses, and make it the transverse distance of 8, then the 
transverse distance of 6, extended from the center, will reach to the 
fourth proportional 3. If a Ship sails 36 miles in 4 hours, what 
distance will she sail in 7 hours? Open the Sector till the transverse 
distance of 4 and 4 is equal to the lateral distance 36, then the 
transverse distance of 7 laid off from the center will give 6S, the 
fourth proportional. 
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Suppose thtee Hoes ab, cd, and ef, given to find a fourth pro¬ 
portional. Take the length of the line ab in the Compasses, and 
placing one foot in the center mark what point or divisioothe other 
fo(Jt fails on; open the Sector till the parallel distance between that 
point and the corresponding one on the other leg is equal »o the 
la he CD; then ef taken in the Compasses and laid off as a lateral 
distance * the corresponding transverse distance will be the length 
of the line required. 

Let it be required to reduce a Chart drawn on a scale of 5 
inches to a degree, to a scale of 3 inches to a degree. Make the 
transverse distance from 5 to 5 equal to the lateral distance of S ; 
the legs of the Sector being kept at this angular position, any 
measure taken from the Chart being laid off as a lateral distance, the 
corresponding transverse distance will be the measure to be laid 
down upon the reduced Chart. 

4. Having a line containing any given number of equal parts, to 
find the length of a line containing any other number of the same parts . 

Suppose a Chart to be drawn on a scale of 5 miles to 3 inches; 
required the length of any other number of miles upon the same 
scale. Make the transverse distance of 5 and 5 equal to 3 inches ; 
the legs of the Sector being kept at this angular position, the 
transverse distance of any other number, within the limits of the 
Sector, will be the length of the number of miles required. 

5. Having the number of parts contained in any given line , to find 
the number of the same parts contained in another line. 

Suppose the length of one side of a Triangle measure 30, what 
are the measures of the other Sides ? Take the length of the given 
Side in the Compasses, and apply it transversely from 30 to 30; to 
this opening of the Sector apply the length of the other Sides 
transversely, so that the points may fall upon corresponding 
divisions, and these will shew the measure of the Sides required. 

Use of the Lines of Chords. 

1. To protract or lay dozen an Angle of any given number of 
degrees. • At any opening of the Sector take the transverse distance 
of60°, with which extent describe an Arch; then take the transverse 
.distance of the proposed number of degrees, and apply it to that 
Arch: through the extremities of this distance on the Aich, draw 
two lines from the center, and they will form the Angle required. 
When the Angle exceeds 60 °, lay it off at twice or thrice. 

In this manner any number of degrees may he laid off on the 
circumference of a given Circle, making the transverse distance of 
6o° equal to the Radius of the Circle. 

2. jo measure any given Angle. With anv Radius describe an 
Arch from the angular point, and set that radius transversely from 
fiO to (iO; then take the length of the intercepted Arch in the 
Compasses, and apply it transversely to the line of Chords, so that 
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the points of die Compasses may frill u$>on corresponding division*, 
tod they will shew the measure of the given Angle. 

Use 09 the Lines of Sines, Tanuents, and Secants. 

1. Having the length of the Radius of a Circle, tofind the length 
of the Chord , Sine , or Tangent of any Arch of that Circle • 
Suppose the Chord, Sine, or Tangent of 30 degrees to a radius of 
2 inches be required: open the Sector till the transverse distance of 
60 and ()0 on the lines of -Chordsi» nq.ual to 2 inches; then will the 
same extent reach from 45 to 45 on the lines of Tangents, and from 
90 to 00 on the lines of Sines, so that to whatever radius the lines of 
Chords are set, to the same are all the others set. In this angular 
position of die 4egs, therefor^, jf >:be 4r*«sverse <frstmvoe between 
30 and 30 token on the lines of Chords, Sines, xrt tangents, with 
the Compasses, it will give the length of the Chord, Sine, or Tangent 
of 30 degrees, to the radius of 2 inches. When the required Chord is 
above f)0°, or the Tangent above 45°, as suppose 70 degrees, proceed 
thus: for the Chord take the transverse distance of half the Arfl}, 
viz. 35 degrees., on the line of Sines, the-double of Which gives the 
length of the Chord of 70 decrees. " To fkid %be Tartgetot of 7# 
degrees tofhe same radius, makefile transverse -distance from 45 to 
45, on the upper lines of Ttmgevits, eqiirtl to 2 indies; then the 
extent between 70 and 70 on the.same lines, will "be the length ^f 
the Tangent required. 

2. Having'the radius of aCmrvh tofind die Secant of any Arch 
of that Circle; as again, suppose of 20 or 70 degrees, to' a radius 
of 2 inches; make £ inches Hie transverse distance between 0 and 
0 on the lines of Secants; then will the transverse distance of £0 and 
20, or 70 and 70, give *the Secant of 20 or TO degrees. 

3. The Radius of a Circle, and any line representmg 0 

Taqgcnt,, or Stxant i of an Arch of that Circle \being given, fo find 
the degrees and pqrts corresponding to that line. Open /the ( Sector 
to the given iRudius, according as a Sing, Tangent, or Secaqt ip 
concerned, then, taking the given line in the Compasses, apply,the 
legs transversely till they fall on the corresponding divisions .qf 
the proper line, rand these will pqint out the degrees iuul,(p^rfs 
/Teouired. * 

.In this manner /the Angles of a right-angled Triangleonay.be 
/estimated, 'by considering .one Side,as the radius of a Circle, ,au<J 
one of the other Sides as representing the Sine, Tangent, or Secapjt 
of the required Angle. 

Phe Sectoral lines aredikewiie useful in working proportions in 
Trigonometry: Suppose, for example, the Hypothenuee of .a 
Triangle measures 56., and the Angle opposite the perpendicular 
‘32 degrees; to find the perpendicular, the proportion will Jbe, as 
Radius, or Sine of S)0°* is to the Hypothenuse 5b',,so is Sine of the 

f 2 . L ' 
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Angle opposite the Perpendicular 32®, to the Perpendicular; 
therefore make the transverse distance of 90 and 90 on the lines of 
Sines equal to the lateral distance 5 6 on the lines of Lines; then the 
transverse distance of 32° on the lines of Sines, applied as a lateral 
distance to the lines of Lines, will give 29*5 for the length of the 
perpendicular required. 


P]LANE TRIGONOMETRY. 


PlANE TRIGONOMETRY is that branch of Geometry which 
teached to compute the Sides and Angles of plane Triangles; it is 
divided into Right-Angled and Oblique-Angled Trigonometry, 
according as it is applied to the mensuration of Right or Oblique- 
Angled Triangles. 

RIGHT-ANGLED TRIGONOMETRY. 

Definitions and Principles. 

1. Every Triangle consists of six parts; namely, three Sides and 
three Angles. 

2. The Sum of the three Angles of every plane Triangle is equal 
to two right Angles, or 130 degrees; hence, if one of the Angles 
be known, the sum of the other two may be found by subtracting 
the given Angle from 180 degrees: also, if two of the Angles be 
known, their sum, subtracted from 180 degrees, will give the third 
Angle: again, in a Right-Angled Triangle (the Right Angle 
containing 90 degrees,) the sum of the two Acute Angles is equal to 
90 degrees; therefore, if one of the Acute Angles is given, the 
other will be found by subtracting the given Angle from 90 
degrees. 

3. Any two Sides of a Triangle added together are greater than 
the third Side. 

4. The greatest Side of a Triangle is opposite the greatest Angle, 
and the least Side opposrte the least Angle: also, in the same 
Triangle, equal Sides are opposite equal Angles. 
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5. Two Triangles are said to be similar when all 
the Angles of the one are respectively, equal to all 
the Angles of the other; as for instance, the Triangle 
abc is similar to the Triangle def because the 
Angles a, b, and c, are respectively equal to the 
Angles d, e, and f. 



6. The Sides of similar Triangles, opposite 
to equal Angles, are proportional; thns in tbe 
Triangles ABc,and def, as ab is to de 9 so is ac 
to df, and so is cb to ef. Or as 4 : 8 :: 

6 : 10 :: s : 6 . 


D 



7. Similar Arches of unequal Circles are such as contain the same 
Dumber of degrees, 8cc. of their respective Circles* 


8. The Sines, Tangents, and Secants of 
timilar Arches are proportional to the radii 
of tbe Circles; thus, supposing the Arch' 
db, of the Circle dbgf to be similar to the 
Arch ln, of the Circle lnoi, then be is 
tOLM, ABtO hn, andcA to kh,&s cb or CD, 
is to kn or kl ; that is, the Sine, Tangent, 
and Secant of one Arch is to the Sine, Tan¬ 
gent, and Secant of the other, as the radius 
of one Circle, is to the radius of the other. 

Hence, if the radius of a Circle be 
divided into a certain number of equal 
parts, and the length of the Sine, Tangent, 
or Secant of any Angle in such parts be 
given, the length of the Sine, Tangent, 
or Secant of the same Angle to any other 
radius may be found. 




9. The lengths of the Sine, Tangent, and Secant Tor every 
degree and minute of the Quadrant, whose radius is 1, being 
calculated and arranged in a Table is called a Trigonometrical 
Canon : and the logarithms of these lengths are called logarithmic 
or artificial Siues, Tangents, and Secants; as in Table aXV. of 
this Work. 


From these principles are deduced the following 


RU&E& 
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RULES 

For computing ihc Sides and Angles of Fight-Angled Trianglts. 

In every Right-Angled Triangle there must be two pnrrts given, 
besides the right Angle, to find the other three; and one of these 
parts at least must be a Side, because the Angies iwH only give the 
proportion, not the absolute length, of the Sides. 

In every Right-Angied Triangle one of tbe Sides tnnst be 
considered as representing therradWis of a .Circle 4 the*, 

d. If the Hypothcnuse be made radius, the Perpendicular and 
Base will be each the Sine of its opposite Angle. 

2 . If the Base be made radius, the Perpendicular will -be the 
Tangent of its opposite Angle, and the Hypothenuse the Secant of 
the same Angle. 

3 . If the Perpendicular be made radius, the jBa&e will be (the 
Tangent of its opposite Angle, and the Hypotliehuse the ♦Secant of 
the same Angle. The Sine, Tangent, or Secaut of one Angle 
being, in each case, the Co. Sine,, Co. Tungeut, or Co, Secant of 
the other. 



Thus, if in the Triangles abc the HypothenOse ac be considered 
as radius of a Circle, then it is evident the Perpendicular no will 
be the Sitie oflhe Angle a, and the Base<AB the Sine of the Angle 
0; if thfe Base ab be made radius, then the Perpendicular bc wilt 
be the Tangent o*f the ^ngle a, aud the Hypothenuse ac the 
Secant of Angle a ; if the Perpendicular bc be made radius, then 
the !Base AB \viTi be the Tangent of the Angle c, and the 
Perpendicular the Secant of Angle c. 

Since the Acute Angles a and c contain together 90 degrees, they 
are the complements of each other; therefore the Sine, Tangent, 
and Secant of Angle a is the Co. Sine, Co. Tangent, and Co.Secant 
of Aqgie c ; and the Sine, &c. of Angle c is the Co. Sine, &c* of 
Angle a. (See Definition XXXIV. Gcom.) 


Digitized by v^ooQle 











*lANti TIllOOKOMBTRT. 


39 


To find a Side . 

Consider any one of the Sides as representing the radius of a 
Circle, and write upon it the word radius; then, upon the other 
Sides, write the parts they represent according to tne preceding 
rules, which call the names of the Sides \ then say. 

As the name of the given Side 
Is to the given Side, 

So is the name of the Side required' 

To the Side required. 

TofindanJngU . 

Consider one of the given Sides as representing the radius of a 
Circle, and write upon it the word radius; and upon the other 
Sides write the parts they represent according to the preceding rules; 
then say. 

As the Side representing Radius 
Is to Radius, 

So is the other given Side 

To the Sine, Tangent, or Secant of the Angle by it represented. 

Having raised the Canons, or Proportions, they may be worked 
by the common Rule of Three,.taking the lengths of the Sines, 
Tangents, or Secants, of the Angles, to Radius 1, from the proper 
Table; but as Logarithms considerably abbreviate the calculation by 
performing Multiplication by Addition, and Division by Subtraction,’ 
it is more usual to take out the logarithms of the three given 
terms; (the Logarithm of Radius being 10.00000,) then, adding the 
Logarithms of the second and third terms together, and from their 
sum subtracting the Logarithm of the first term, the remainder will 
be the Logarithm of the fourth term, which being found in the 
proper Table, the number, or the degrees and minutes correspond¬ 
ing to it, will give the required Side or Angle. 

Note. The Logarithms for Sides are to be taken from Table 
XXIV., and for the Sines, Tangents, or Secants of Angles, from 
Table XXV. 

We shall now proceed to exemplify the above Rules by the 
following Cases, which we shall resolve*by four different methods: 
Viz. By Geometrical Construction ; by Logarithmic Calculation, 
and by the Common and Sliding Gamers. 
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CASE I. 

The Angles and the Hypothenuse given to jind the Base and the 

Perpendicular . 

Example. Given the Hypothenuse ac, 370 miles, (or any other 
measure of length,) the Angle a 56 ° 3O', and consequemly the 
Angle c 33° 30"; required the Base ab and Perpendicular bc. 

BY CONSTRUCTION. 

Draw the line ab, of any length, and 
make the Angle at a, 56° 30' (Prob. XII. 

Geometry;) from a to c lay off 370, the Angle 
length of the Hypothenuse, taken from ^ j e 
any convenient Scale of equal parts, and 
from the point c let fall the perpendicular 
cb, (Prob. III. Geora.;) then abc is the 
Triangle required : the Base ab, measured 
on the same Scale of equal parts by which 
the Hypothenuse was measured, will be 
<04.2, and the Perpendicular bc, 308.6* 

A B 

BY CALCULATION. 

Making the Hypothenuse Radius, ab will be the Sine of Angle c, 
and cb the Sine of Angle a; then. 


To find the Base ab. To find the Perpeudicular bc. 


As Radius 

10.00000 

As Radius 

10.00000 

Is to Hypoth. ac 370 

2.56820 

Is to Hypoth. ac 370 

2.56820 

So is Sine A ng. c33° 30' 

9.74189 

12.31009 

10.00000 

So is Sine Ang. a 56°50' 

9..92111 

12.48931 

10.00000 

To the Base ab 204.2 

2.31009 

To thePerpend.BC 308.6 

2.48031 


Making the Base Radius, bc will be the Tangent, and ac the 
Secant of Angle a; then. 

To find the Base. To find the Perpendicular. 

AsSec.of Ang. a 56* 3(/ 10.2.5811 As Sec. of Ang. a. 56° 30* 10.25811 

Is to Hvpoth. ac 370 2.56820 Is to Hypotb. ac 370 2.56820 
So is Radius • 10.00000 SoisTau.of Ang .a 56°30' 10.179*22 

12.56820 12.74/42 

10.25811 10.25811 

To the Base Ab 204.2 2.31009 To thePerpcnd. bc308.6 2.43931 
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Making the Perpendicular Radius, ab will be Tangent, and Ac 
Secant, of Angle c ; then. 


To find the Rase. 

As Sec. of A ng. c 33° 30' 10.0783.9 
Is to Hypoth. ac 370 2.50820 

SoisTang. Ang. c 33°30' 9.82078 

12.38898 

10.078S9 

To the Base ab 204.2 2.31009 


To find the Perpendicular. 

As Sec. of Ang. C33°J0' 10.07889 
Is to Hypoth. AC 37 0 2.56820 
So is Radius . 10.00000 


12.56820 

10.07889 

TolbePerpend. BC308.6 2.48931 


BY THE COMMON GUNTER*. 


1 st. Extend the Compasses from radius +, or 90°, to Angle c 
33° 30' on the line of Sines, and that extent will reach from the 
Hypothenuse 370 to 204.2, the measure of the Base, on the line 
of Numbers. 

2 dly. Extend the Compasses from radius, or 90°, to Angle a 
56° 30' on the line of Sines, and that extent will reach from the 
Hypothenuse 3/0 to 308.6,. the measure of the Perpendicular, oh 
the line of N umbeis. 


BY THE SLIDING GUNTER. 

1 st Set radius, or 90 °, on the sliding line of Sines, to Angle c 
33°30'on the fixed line of Sines; then,opposite to the Hypothenuse 
370 on the sliding line of Numbers, will be the Base 204.2 on the 
fixed line of Numbers. 

2 dly. Set 90 ° on the sliding line of Sines, to Angle a 56 ° 30' on 
the fixed line of Sines; then, opposite to the Hvpoihenuse 570 oh 
the sliding line of Numbers, will be the Perpendicular 308.6 on thfe 
fixed line of Numbers. 


CASE II. 

The Jnglcs and one of the Leg t given, to find IM ftypoikekuse and 

the other Leg. 

Example. Given the Base ab 62.5, and the Angle a 4fi 6 45', to 
find the Hypothenuse ac, and the Perpendicular he. 


• In working the several Cases by Gunter's Seales, we shall always suppose the 
hypothermic Radius, where it can be done, being the most simple of the three. 

*f Radius, on Gunter’s Scale, is either 8 points on the line of Sine Rhumbs, 4 points on 
the line of Tangent Rhumbs, 90 degrees on the Una of Sines, or 45 degrees on the line of 
Tangent*. . 

G 
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BY CONSTRUCTION. 


Draw the Base ab, which make equal 
to 625, taken from a scale of equal 
parts; and upon n erect the Perpen¬ 
dicular bc, (rrob. II. or Xll. Geora.;) 
make the Angle a equal to 48° 45', (Prob. 
XII.Geoin.,) and draw the Hypothenuse 
Ac to cut the Perpendicular bc in the 
point c ; then ac, measured on the same 
scale of equal parts that ab was, will be 
9475, and bc, 712.7. 



BY CALCULATION. 


Making the Hypothenuse Radius, ab will be the Sine of Angle c, 
and cb the Sine of Angle a; then. 


To find the Hypothenuse. 

As Sine of Ang. c41°15' 9.81911 
Is te the Base aB 625 2 79588 

So is Radius . 10.00000 


12.79588. 

9.SL911 


To find the Perpendicular. 

As Sine of Ang. c 41° 15 # 9*81911 

Is to the Base ab 625 2.79588 

So is Sine of Ang. a 48° 45' 9.87612 

12.07200 

9.81911 


Tothellypoth. AC947.9 2.97677 To the Perpend, bc 712.7 2.85289 


Making the Base Radius, bc will be the Tangent, and ac the 
Secant, of Ancle a ; then, 


To find the Hypothenuse. 

As Radius . 10.00000 

Is to the Base ab 625 2.79588 

SoisSec.of Ang. a 48° 45' 10.18089 

12.97677 

IO.OCOOO 


To find the Perpendicular. 

As Radius . 10.00000 

Is to the Base Ab 625 2.79588 

SoisTan.ofAng.A 48° 45' 10.05701 

12.85289 

10.00000 


TotheHypoth. AC947.9 2.97677 To the Perpend, bc 712.7 2.85289 


Making the Perpendicular Radius, ab will be Tangeut, and ac 
Secant, of Ancle c ; then. 


To find the Hypothenuse. 

AsTang.of Ang. c 41 c 15' 9*94299 
Is to the Base ab 625 2.79588 

So is Sec. of Ang. c 41 c 15' 10.12387 


12.91975 

9.94299 


To the Hy poth. a c 947 *9 2.97676 


To find the Perpendicular. 

AsTang.of Ang. c 41° 15' 9-94299 
Is to the Base ab 625 2.79588 
So is Radius . 10.00000 


12.7958S 

9.94299 

To thePerpend. bc 712.7 2.85289 
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BY THE COMMON GUNTER. 

1 st. Extend the Compasses from Angle c 41° 15', to Radius, or* 
90 °, on the line of Sines, and that exteut will reach from the Base 
625 to the Hypothenuse 947*9 on the line of Numbers. 

2 dly. Extend the Compasses from Angle c 4I°15 / , to Angle A 
48° 45' on the line of Sines, and that extent will reach from the Base 
625 to the Perpendicular 712.7 on the line of Numbers. 

BY THE SLIDING GUNTER. 

1 st. Set Angle c 41° 15' on the sliding line of Sines, to radios, or 
90 ° on the fixed line of Sines; then, opposite to the Base 625 on 
the sliding line of Numbers, will be the Hypothenuse 947*9 on the 
fixed line of Numbers. 

2 dly. Set Angle c 41° 15' on the sliding line of Sines, to Angle A 
48° 45' on the fixed line of Sines ; then, opposite to the Base 625 
on the sliding line of Numbers, will be the Perpendicular 712*7 on 
the fixed line of Numbers. 


CASE III. 

The Hypothenuse and one Leg given, to find the Angles and the 

other Leg. 

Example. Given the Hypothenuse Ac 400 and the Base ba 236; 
required the Angles a and c, and the Perpendicular bc. 

BY CONSTRUCTION. 


Draw the Base ba, which make equal to 
236; upon b erect the Perpendicular bc, 
(Prob. II. or XII. Geom.) and taking the 
distance 400 in the Compasses, place one 
foot in a, and let the other foot cross bc 
in c, and draw the line ac ; then will the 
Perpendicular bc measure 323, the Angle 
c 36° 9 ', and the Angle a 53° 51'. (Prob, 
XIII. Geom.) 


G 2 
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BY CALCULATION. 

Making the Hypothenuse Radius ba will be tlie Sine of Anglo c y 
and bc tlie Sine of Angle a ; then* 

To find the Angles. To find tlie Perpendicular. 

As the Ilypoth, ac 400 2 . 60206 As Radius . 10.00000 

Is to Radius . 10.00000 Is to the 1 Jypotb, ac 4-00 2.60206 

So is the Rase ba 236 2.37291 So is Sine Ang. a 53°5 1' 9-90713 

12.37291 12.50919 

2.60206 10.00000 

To Si^e of Ang. c 36° 9 / 9»770S5 To the Perpend. bc323 2.0O919 

90 0 

Angle a 53 51 

Making line Base Radius, bc will be the Tangent, and ac the 
Secant, of Angle a ; then. 

To find the Angles. To find the Perpendicular. 

As the Base ba 236 2.57291 As Radius . 10.00000 

Is to Radius . 10.00000 Is to the Base ba 236 2.3/291 

So is the Hypoth. 400 2.60206 SoisTang.Ang. a 53°51 / 10.13635 

12.60206 12.50926 

2.37291 10.00000 

To Sec. of Ang* a 53° 51 1 10.22915 To the Perpend, bc 323 2.50926 
90 00 

Angle c 36 9 

BY THE COMMON GUNTER. 

1 st. Extend from the Hypothenuse 400 to the Base 236 on the 
line of Numbers, and that extent will reach from radius 90 ° to 
Angle c 36° 9' on the line of Sines; hence the Angle a will be 
53° 5l'. 

2 dly. Extend fromi Radius 90 ° to Angle a 53° 51' on the line of 
Sines, and that extent will reach from the Hypothenuse 400 to the 
Perpendicular 323 otii the line of Numbers. 

BY THE SLIDING GUNTER. 

1 st. Set the Hypothenuse 400 on the sliding line of Numbers to 
the B^se QS6 on. the fixed line of Numbers; then, opposite to 
radius or 90 °, on the sliding line of Sines, w3i be Angle c 36° 9 ' 
on/the fixed line of Sines; hence the Angle a will be 53° 51'.' 

£dly. Set radius, or 90 °, on the sliding line of Sines, to Angle a 
53 * 51/ ou the fixed line of Sines; then, opposite to tlie 
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Hypolbetrase 400 on the sliding line of Numbers, Drill be the 
Perpendicular 323 on tbe fixed line of Numbers, 

Note. Tbe Perpendicular may be found independent of the 
Angles; thus : subtract the square of the Base from the square of 
the Hypothenuse, the square root of the remainder will be the 
length of the Perpendicular required. 


CASE IV. 

The Base and Perpendicular given , to find the Angles and the 

Hypothenuse • 

Example. Given the Base ba 35 .5, and the Perpendicular bc 
41.6 ; required the Angles a and c, and the Hypothenuse ac. 

BY CONSTRUCTION. 

c 

Draw the line ba, and upon b raise the 
Perpendicular bc, (Prob. II. or XJI. 

Geoin.;) make ba equal to 35.5 and bc 
equal to 41.6, and draw the line ac; then ^ 
the Hypothenuse ag will measure 54.7, the £ 

Angle a 49° 31', and the Angle c 40° 29 ', 

(Prob. XIII. Geom.) 

B 

BY CALCULATION. 

Making tbe Base Radius, bc will be the Tangent, and AC the Secant, 

of Angle a. 

To find the Angles. To find the Hypothenuse. _, 

As the Base ba 35.5 1.55023 AsRadius . 10.00000 

Is to Radius . 10.00000 Is to the Base ba 35.5 1.55023 

So is the Perpend. BC41.6 1.61909 SoisSec.of Aug. a 49°3l / 10.13760 

11.61909 11.737S3 

1.55023 lO.OOOOtf 

ToTan.ofAng. a49°31' IO.O 6 SS 6 To the Hypoth. ac 54.68 1.73783 
90 00 

Ang. C 40 29 
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Making the Perpendicular Radius, ba will be the Tangent, and Ae 
the Secant, of Angle c. 


To find the Angles. 

As the Perpend, bc 41.6 I .61909 
Is to Radius • 10.00000 

So is the Base ba 55.5 1.55025 


11.55025 

I.61.909 

ToTang.ofAng.c40°29 / 9-93114 
90 00 

Angle a 49 31 


To find the Hypothenuse. 

As Radius . 10.00000 

Is to Perpend, bc 41.6 I.61909 

So isSec. of Ang. c 40° 29 / 10.11885 

11.73794 

10.00000 

To the Hypoth. ac 54.69 1.73794 


BY THE COMMON GUNTER. 

1 st. Extend the Compasses from the Base35.5 to the Perpendicular 
41.6 on the line of Numbers, and .that extent will reach from 
Radius 45° to Angle a 49° 31' on the line of Tangents*; hence 
Angle c will be 40° 29^. 

2 dly.. Extend the Compasses from Angle c 40° 29 ' to Radius 90 * 
on the line of Sines, and that extent will reach from the Base 35.5 
to the Hypothenuse 54.68 on the line of Numbers. 

BY THE SLIDING GUNTER. 

1 st. Set the Base 35.5 on the sliding line of Numbers, to the 
Perpendicular 41.6 on the fixed line of Numbers; then, opposite 
to Radius, or 45°,on the sliding line of Tangents, will be A 11 trie A 
49°31'on the fixed line of Tangents*; hence Angle c will be 40° 29 '. 

2 dly. Set Angle c 40° 29 / on the sliding line of Sines, to Radius, 
or 90 , on the fixed line of Sines; then, opposite to the Base 35 . 5 , 
on the sliding line of Numbers, will be the Hypothenuse 54.68 on 
the fixed line of Numbers. 

Note. The Hypothenuse may be found, independent of the 
Angles; thus: add together the squaies of the Perpendicular and 
Base; and the square root of the sum will be the Hypothenuse 
Required. 


QUESTIONS FOR EXERCISE. 

I. Given the Hypothenuse 108 and the Angle opposite the 
Perpendicular 25° 36; required the Base and Perpendicular. 

Ans r . The Base is 97-4, and the Perpendicular 46.66. 


• The same point represents both 49 0 31 1 and 40 5 29 ', but as the third term Is more 
than the first, the Angle a, or fourth term, will consequently be more than 43 0 , which is 
Radius, or the second term, on the line of Tangents. 
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. 2 . Given the Base 96 and its opposite Angle 71° 45 '; required the 
Perpendicular and the Hypothenuse. 

Ans\ The Perpendicular is 31.66 and tKe Hypothenuse 101 . 1 . 

3. Given the Perpendicular 3(iO and its opposite Angle 58° 2 C/; 
required the Base find the Hypothenuse. 

Ans r . The Base is 22 * 2 , and the Hypothenuse 423. 

4. Given the Base 720 and the Hypothenuse 9 b 0 ; required the 
Angles and the Perpendicular. 

Ans r . The Angles are 41° 17 # and 42° 43', and the Perpendicular 

664.8. 

5. Given the Perpendicular 1 10.3 and the Hypothenuse 176 . 5 $ 
required the Angles and the Base. 

Ans T . The Angles are 38° 41' and 51° 19', and the Base 137.8. 

6 . Given the Base 360 and the Perpendicular 480; required the 
Angles and the Hypothenuse. 

Ans r . The Angles are 53° 8 ' and S 6 ° 52*, and the Hypothenuse 
600 . 


OBLIQUE-ANGLED TRIGONOMETRY. 

RULES 

For computing the Sides and Angles of Oblique-Angled Triangles . 

J. When two oj the three given parts art a Side, and its 
opposite Angle . 

To find a Side. 

As the Sine of any given Angle 
Is to its opposite Side, 

So is the Sine of any other given Angle, 

To its opposite Side. 

To find an Angle. 

As any given Side 

Is to the Sine of its opposite Angle, 

So is any other given Side 
To the Sine of its opposite Angle. 

When the given Side, opposite the given Angle, is greater than 
the other given Side, then the Angle opposite that other given Side 
is always acute; but when the given Side, opposite the given Angle, 
is less than the other given Side, then the Angle opposite that other 
given Side may be either acute or obtuse, which consequently must 
|>e determined from the nature of the Triangle. 
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II. When two Sides and the Angle contained between them are given . 

As the Sum of the two given Sides, 

Is to their difference. 

So is the Tangent of half the Sum of the unknown Angles, 

To the Tangent of half their difference : 

This half difference added to half the Sum of the unknown 
Angles, gives the greater Angle, and subtracted, leaves the less 
Angle. The Angles being thus all known, the remaining Side is to 
be found by Rule L 

III'. When the three Sides are given , to find the Angles . 

As the Base, or greatest Side, 

Ts to the Sum of the other two Sides, 

So is the difference of those Sides, 

To the difference of the Segments, made by a 
Perpendicular let fall from the greatest Angle upon the Base. 

Then half this difference added to half the Sum of the Segments; 
that is, half the Base, gives the greater Segment, and subtracted 
gives the less Segment. Hence the Triangle will be divided into 
two Right-Angled Triangles, in each of which there will be given 
the Hypothenuse and the Base to find the other Angles, which may’ 
be done by Rule 1st, or by those in Right-Augled Trigonometry. 

CASE I. 

The Angles and one Side given to find the other Sides. 

Example. Given the Angle a 56 ° 15 % the Angle b 105° 3(/, and 
the Side ab 53 : required the Sides ac and bc. 

BY CONSTRUCTION. 

Aug. a 3 (P 15* 

Aug. B 105 30 c 

Draw the line ab and make it 
equal to 53 ; make the Angle bac 
3o° 15' and the Angle abc 105° 

50', (Prob. XII. Geom.,) and draw 
the lines ac and bc till they meet 
in c; then ac will measure 82.5, 

*nd bc 60.62. 


l 'i - 
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BY CALCULATION. 


To find the Side ac by Rule I. 

As Sine of Ang. c 3 8° 15' 9.79176 

Is to the Side a B 53 1.72428 

SoisSi.ofAng.BM05°30' 9-98391 

11.70819 

9.79176 


To the Side ac 82.5 1.91643 


To find the Side bc by Rule I. 

As Sine of Ang. c 38* 15' 9.79176 
Is to the Side ab 53 1.72428 

So is Sine of Ang. a36°15 # 9*77181 

11.49609 

9.79176 

To the Side bc 50.62 1.70433 


BY THE COMMON QUNTER. 

1 st. Extend the Compasses from the Angle c 38° 15' to 74° 30', 
the supplement of Angle b, on the line of Sines, and that extent will 
reach from the Side ab 53 to the Side Ac 82.5 on the line of 
Numbers. 

2 d. Extend the Compasses from the Angle c 38° 15' to the 
Angle a 36 ° 15' on the line of Sines, and that extent will reach 
from the Side ab 53 to the Side bc 50.6 on the line of Numbers. 


BY THE SLIDING GUNTER. 

1 st. Set Angle c 38° \tt on the sliding line of Sines to supplement 
of Angle b 74° SO' on the fixed line of Sines; then, opposite to 
the Side ab 53 on the sliding line of Numbers will be the Side ac 
82.5 on the fixed line of Numbers. 

2 d. Set Angle c 38° 15' on the sliding line of Sines, to Angle A 
36 ° 15' on the fixed line of Sines; then, opposite to the Side ab 
53 on the sliding line of Numbers will be the Side bc 50.6 on the 
fixed line of Numbers. 


CASE II. 

Two Sides and an Angle opposite one of them given> tofind the other 
Angles and the third Side . 

Example. Given the Side ab 336, the Side bc 355, and the 
Angle a 49° 26' ; required the Angles b and c, and the Side ac. 

* For the manner of fading the Log. Sine of 105° 30' see explanation of Table XXV., 

page xrii. 

H 
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BY CONSTRUCTION. 


Draw the line ab, which make equal to 
356 ; draw the line ac so as to make an 
Angle of 49° 26' with ab (Prob. XII. 
Geom.;) take the length of bc in the 
Compasses, and, setting one foot in b; let 
the other cut the line ac in c, and draw the 
line bc ; then the Angle b will measure 
84° 36', the Angle c 45° 58', (Prob. XIII. 
Geom.,) and the Side ac 465.3. 


C 



BY CALCULATION. 


To find the Angle c by Rule I. 

As the Side bc 355 2.55023 

Is to Sine of Aug. a 49° 26' 9-S806l 
So is the Side ab 336 2.52634 


12.40695 

2.55023 


ToSineofAng.c 45° 58* 9*856/2 

Ang. a 49 26 

Sum 95 24 
180 00 


Angle b 84 36 


To find the Side ac by Rule I. 

As Sine of Ang. a 49° 26 ' 9-88061 
Is to the Side bc 355 2.55023 

So is Sine of Ang. b 84° 36' 9*9980^ 

12.54830 

9.88061 

To the Side a c 465 .3 2.667 69 


BY THE COMMON GUNTER. 

1 st. Extend the Compasses from the Side bc 355 to the Side ab 
336 on the line of Numbers, and that extent will reach from 
Angle a 49° 26' to Angle c 45° 58' on the line of Sines ; lienee the 
Angle b is 84° 36'. 

2 d. Extend the Compasses from the Angle a 49° 26 ' to the Angle 
b 84°36' on the line of Sines; and that extent will reach from the 
Side bc 355 to the Side ac 465.3 on the line of Numbers. 

BY THE SLIDING GUNTER. 

1 st. Set the Side bc 355 on the sliding line of Numbers to the 
Side ab 336 on the fixed line of Numbers; then, opposite to Angle 
a 49 ° 26 ' on the sliding line of Sines will be Angle c 45° 58' on tne 
fixed line of Sines: hence the Angle b is 84° S&. 

2 d. Set Angle A 49° 26' on the sliding line of Sines to Angle b 
84° 36 ' on the fixed line of Sines; then, opposite the Side bc 355 
on the sliding line of Numbers will be the Side ac 465.3 on the 
fixed line of Numbers. 
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CASE III. 

Two Sides and their contained Angle given , to find the other Angles 
and the third Side. 

Example. Given the Side ab 85, the Side ac 47, and the 
Angle a 52° 40* : required the Angles c and b, and the Side bc. 

BY CONSTRUCTION. 

Draw the line ab and make it 
equal to 85; at a make the Angle 
bac 52°40' (Prob. XII. Geom.;) 
from a to c lay off 47, and draw 
the line bc; then abc is the 
Triangle required; the Angle b 
will measure 33° £ 9 '* the Angle 
c 93° 51' (Prob. XIII. Geom.,) 
and the Side bc 67-7* 



BY CALCULATION. 

To find the Angles by Rule II. 

As the Sum of the Sides a b, ac, 132 2.12057 
Is to their difference 38 1 .57978 

So is Tang, of half the? g 0 
Sum of Angles b and c j 03 40 1<K30j43 

11.88521 
2.12057 

To Taog. of half their diff. 30 11 9.76464 

Sum gives the great r Ang.c 93 51 
Diff. gives the less Ang. b 33 29 

To find the Side bc by Rule I. 

As Sine of Angle b 33° 29' 9-74170 

Is to the Side ac 47 1 .67210 

So is Sine of Angle a 52° 4(7 9*90043 

11.57253 

9.74170 

To the Side bc 67 . 74 1. S3083 

Note. ThisTriangle may be solved by letting fall a Perpendicular 
from the Angle c on the Side ab, which will divide it into two 
Right-Angled Triangles; then, with the Hypothenuse ac and 
Angle a find the Perpendicular and the Base, which Base subtracted 
from the Side ab, will leave the Base of the other Triangle; then, 

H £ 


Side ab ,85 
Side ac 47 

Sum • 132 

Diff. . 38 

180°00 f 
Angle A . 52 40 

SumofAng.B&C 127 20 

Half Sum 63 40 
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with the Perpendicular and Base find the Angle b, which added 
to Angle a and their Sum subtracted from 180°, will give the Angle 
c, and, with one of the Angles ami its opposite Side find the Side sc. 

BY THE COMMON GUNTER. 

1 st. Extend the Compasses from the Sum of the two Sides 132 to 
their difference 38 ; that extent will reach from 45° to a division * 
( 16 ° 4 ) on the line of Tangents ; then, the extent from this division 
to half the Sum of the unknown Angles 63° 40' will reach from 45° 
to half their difference 30° 11' on the line of Tangents, by which 
the Angles may be found as above. 

2 d. Extend from Angle b 33® £0' to Angle A 52° 40'on the line 
of Sines, that extent will reach from the Side ac 47 to the Side bc 
67.7 on the line of Numbers. 


BY THE SLIDING GUNTER. 

1 st. Set the Sum of the two Sides 132 on the sliding line of 
Numbers to their difference 33 on the fixed line of Numbers; then, 
opposite to 45°, on the sliding line of Tangents, will be a division * 
(16° 4') on the fixed line of Tangents ; then set half the Sum of the 
unknown Angles 63° 40' on the sliding line of Tangents to this 
division (16° 4') on the fixed*line of Tangents; and opposite to 45° 
on the sliding line of Tangents, will be half their difference S0° 11', 
on the fixed Tine of Tangents, by which the Angles are to be found 
as above. 

2 d. Set Angle b 33° 29'on the sliding line of Sines, to Angle a 
52° 40' on the fixed line of Sines; then, opposite to the Side ac 47 
on the sliding line of Numbers, will be the Side bc 67.7 on the 
fixed line of Numbers. 


CASE IV. 

The three Sides given to find the Angles . 

Example. Given the Side ab 157* the Side bc 110 , and the 
Side ac 88 , to find the Angles a, b, and c. 


• The necessity of noting this division arises from the line of Tangents being read off 
from right to Hst’t above 45 0 instead of being reckoned on towards the right; hence, in this 
case, the point of the Compasses falling without the Rule, the distance between this 
division and 63° 40' gives the extent above 45 0 , which being applied to 45 0 backwards,falls 
upon the same division it would if the line were continued to tbe right; for the same 
reason it ia necessary to note the division on the sliding Gunter. 
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BY* CONSTRU CTION. 

Draw the line ab, iriiich 
make equal to 157; take the 
length ot* ac 88 in the Com¬ 
passes, and with one foot on a 
describe the Arch c; then, 
with the length of bc 110 in 
the Compasses, and one foot in A D *57 B 

B, describe an Arch cutting the former in c, to which draw the 
lines ac and bc ; then abc is the Triangle required : the Angle A 
will measure 42° 44', the Angle b 32° 53', and the Angle c 104° 23', 
(Prob. XIII. Geom.) 



BY CALCULATION. 


To find the Segments ad, db, by Rule III. 

Side ac 88 As the Base or greatest Side ab 157 

Side bc 110 Is to the Sum of the Sides ac, bc, 198 

_ - So is the diff. of the Sides ac, bc, 22 

Sum .198 

Difference 22 


2.19590 

2.29666 

1.34242 


3.63908 

2.19590 


To the diff. of the Segments ad, db 27*74 1.44318 

Half the diff. of the Segments 13.87 
Half their Sum, or the Base ab 78.5 


Sum gives the great' Segment db 92.37 
Diff. gives the less Segment ad 64.63 


To find the Angles by Rule I. 

As the Side ac 88 . 1.94448 As the Side bc 110 2.04139 

Is to Radius, or Sine 90° 10.00000 Is to Radius, or Sine9O 0 10.00000 
So is the Segment a d 64.63 1.81043 So is the Segment db 92.37 1 • 9655 3 

11.81043 11.96553 

1.94448 2.04139 

ToSineofAng. acd47°16' 9.86595 To Sine of Ang. BCD 57° 7'9*92414 
90 00 90 00 

* 1 7TT7 Ang. acd 47°l6 f . 

Angle cad 42 44 An * bcd 57 7 Ang. BCD 32 53 

Sum gives Ang.ACBl04 23 
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/ 

BY THE COMMON GUNTER. 

1 st. Extend the Compasses from the Base 157 to the Sam of the 
two Sides 198 on the line of Numbers; that extent will reach 
from the difference of the Sides 22, to the difference of the Segments 
27 -7; hence the Segments will be found as above. 

2 d. Extend the Compasses from the Side ac 88 , to the lesser 
Segment ad 64.6 on the line of Numbers; that extent will reach 
from 90° to the Angle acd 47° 16 ' on the line of Sines; hence the 
Angle cad is 42° 44'. 

3d. Extend the Compasses from the Side cb 110 to the greater 
Segment 92.4; that extent will reach from 90 ° to the Angle dcb 
57° 7' on the liue of Sines; hence the Angle cbd is 32° 53'. 

BY THE SLIDING GUNTER. 

1 st. Set the Base 157 on the sliding line of Numbers to the Sum 
of the two Sides 198 on the fixed line of Numbers; then, opposite 
to the difference of the Sides 22 on the sliding line of Numbers will 
be the difference of their Segments 27 7 on the fixed line of 
Numbers, by which the Segments are found as above. 

2 d. Set the Side ac 8 S on the sliding line of Numbers to the 
lesser Segment 64.6 on the fixed line of Numbers; then, opposite 
to 90° on the sliding line of Sines will be Angle acd 47° 16 ' on the 
fixed line of Sines; hence Angle cad is 42° 44'. 

3d. Set the Side cb 110 on the sliding line of Numbers to the 
greater Segment 92.4 on the fixed line of Numbers; then,opposite 
to 90° on the sliding line of Sines will be the Angle dcb 57° 7' oil 
the fixed line of Sines : hence the Angle cbd is 32° 53'. 

QUESTIONS FOR EXERCISE. 

1. Given one Side 12<), an adjacent Angle 56° 3CK, and the 
opposite Angle 81° 36': required the third Angle and the remaining 
Sides. 

Ans*. The third Angle is 41° 54 # , and the remaining Sides are 
108.7 and 87.08. 

2 . Given one Side 96 . 5 , another Side 59-7, and the Angle 
opposite the latter Side 3i° 30': required the remaining Angles and 
the third Side. 

Ans r . This Question is ambiguous, the given Side opposite the 
given Angle being less than the other given Side (see Rule I.;) 
hence, if the Angle opposite the Side 96.5 he acute, it will be 
57° 38', the remaining Angle 90° 52', and the third Side 114.2; but 
if the Angle opposite the Side 96.5 be obtuse, it will be 122® 22', the 
remaining Angle 26° 8', and the third Side 50.32. 
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S. Given, ,one Side 110, another Side 102, and. the contained 
Angle 113° 36: required the remaining Angles and the, third Side. 

Ans r . The remaining Angles are 34° 37' and 3 i° 47', and the third 
Side is 177.5. . ^ 

4. Given the three Sides respectively, 120.6, 125.5, and 246.7: 
required the Angles. 

Ans r . The Angles are 51° 53', 54° 58', and 73* 9'. 


GEOGRAPHY. 


Geography i9 the art of describing the figure, magnitude, and 
positions of the several parts of the surface of the Earth. 


Of the Figure and Magnitude of the Earth. 

Various opinions were entertained by the Ancients respecting the' 
figure of the Earth : some imagined it an immense plane surrounded 
by an impassable Ocean ; others, that it was cylindrical; and some, 
that it was a Sphere, or Globe; which last opinion is now ascertained 
to be nearly the truth. The most obvious of the several arguments 
which prove the Sphericity of the Earth, and what must particularly 
strike every Mariner, are, that when approaching the Shores of 
Countries, the points of high Rock9, Light-houses, Steeples of 
Churches, and other thin but lofty objects, come into view much 
sooner than houses or other buildings of greater magnitude but less 
height; in like manner when Ships are approaching each other at Sea, 
the Masts and Rigging are discerned some time before the hull and 
lower parts of the Vessel, though much larger, come to view. Again, 
Seamen, it is well known, frequently discover distant lands from the 
tops of a Ship’s Masts, long before they are visible to those who 
stand upon deck. These circumstances prove that the surface of 
the Earth is convex, and as the same appearances happen wherever 
the observer is situated, this convexity must be uniform; henc6 we 
conclude that the Earth is globular. The Sphericity of the Earth 
is likewise demonstrated by Navigators who have sailed quite round 
it by constantly going westward and arriving home from the east¬ 
ward, which could not be effected were the Earth a plane: thus 
Ferdinand Magellan,setting out on the west side of Spain, continued 
shaping his course westward till he returned home on the south 
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eastern side of Spain ; and thus also have Drake, Dampier, Cook, 
and others, circumnavigated the Earth; and when in addition to 
these facts it is recollected that all the Rules of Navigation are 
conformable to the opinion of the Earth being nearly globular, and 
that these Rules never lead the Mariner into material error, these 
well known circumstances, without adducing others, (though others 
equally or more forcible might be adduced,) must sufficiently 
establish the belief, in the mind of every impartial and competent 
judge, that the Earth deviates but very little ia its form, from that of 
a Sphere *. 

Supposing the Earth to be in the exact form of a Sphere, any section 
of it made by a plane passing through its center would be a Circle, 
the circumference of which being conceived to be divided into 360 
equal parts called degrees, and the length of one of these measured, 
the whole circumference, and thence the diameter of the Earth, 
may be easily determined. For this purpose several Mathematicians 
have undertaken the measurement of a degree on a Meridian, and 
from the mean result of their several admeasurements we may 
conclude that the circumference of the Earth is nearly 25000, and 
its diameter 7957|, English miles; also that one degree contains 
about 69.44 English miles, and that a nautical or geographical 
mile is equal to 6l iO feet. 

On comparison of the several admeasurements of a degree on a 
meridian, it was found they varied in different parts of the Earth; 
this circumstance, together with others arising from the principle of 
gravity, led to the belief that its figure was not that of an exact 
Sphere ; and in fact it has been proved that the Earth is flatted at 
the poles, similar to the figure of an Orange, or rather that its 
form is that of an oblate Spheroid, which is a solid generated by the 
rotation of a Semi-ellipsis about its shorter axis: it has likewise 
been established, that it9 polar and equatorial diameters are 
respectively 7940 and 1977 English miles, being nearly in the ratio 
of 214 to 215 ; but since its figure differs so little from that of a 
perfect Sphere, it is usual for the ease of calculation to consider it 
of that form, which approaches sufficiently near the truth for almost 
all practical purposes either in Navigation or Astronomy. 

Of the natural Divisions of the Earth. , 

The constituent parts of the Earth are Land and Water; these 
naturally divide its surface into various portions, which have 
received the following particular terms according to their size, 
shape, and situation. 

A Continent is a large track of land comprehending several 
Empires, Kingdoms, or Countries, not separated by any Sea or 
Ocean ; as the Continents of Europe, Asia, Africa, and America. 

• Gregory’* Astronomy. 
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An Island is a portion of land entirely surrounded by Water; 
as Great Britain and Ireland. 

A Peninsula is a part of land nearly encompassed with Water, 
except where it is joined to a Continent by a narrow neck or point 
of land; as the Morea in the Mediterranean Sea. 

An Isthmus is the narrow neck of Land joining a Peninsula to 
the adjacent Land, and forms a communication between them; as 
the Isthmus of Darien, which joins North and South America. 

A Pbomontory is a high part of land that projects into the 
Sea and is often called a Cape when the land is high ; and when it 
has but liule elevation, it is more usually distinguished by the name 
of a Point or Head. Thus the Cape of Good Hope is a 
mountaneous Promontory, and the Lizard, at the entrance to the 
English Channel, a Point or Head-land. 

An Ocean is a vast collection of Water, separating Continents 
from each other; as the Atlantic and Pacific Oceans* 

A Sea is a smaller collection of Water, communicating with 
some adjacent Ocean, and confined by land within a narrower 
space; as the Mediterranean and Baltic Seas. This term is some¬ 
times used in a general 9ense for the whole body of salt Water on 
the terraqueous Globe. 

A Gulf is a part of the Sea or Ocean nearly surrounded by land, 
except where it immediately communicates with the Sea; as the 
Gulf of Venice, in the Mediterranean; the Gulfs of Finland and 
Bothnia, in the Baltic Sea. 

A Bat is such a gulf or inlet as does not run very deep into the 
land ; as the Bay of Biscay, between the Shores of France and 
Spain, and the Bay of Bengal in the East Indies. Bays of a smaller 
description are treauently denominated Creeks, Havens, , or 
Roads, though the last term is usually applied to places upon any 
Coast where there is anchorage, and a certain degree of protection 
and shelter from winds. 

A Strait is a narrow passage by which there is a communication 
between a Gulf and the adjacent Sea, or which joins one part of a 
Sea or Ocean with another ; as the Straits of Gibraltar, which joins 
the Mediterranean Sea to the Atlantic Ocean. 

A Lake is a collection of Water in an inland part, and, strictly 
considered, has no communication with the Sea; as the Lake of 
Geneva. But this is not always attended to, for many of the 
Loughs or Lakes in Ireland and Scotland, and those in North 
America, as Lakes Superior, Ontario, See. are an exception. 


Of the imaginary Divisions of the Earth. 


In order to point out the exact relative situation of places on th*. 
Surface of the terraqueous Globe, Geographers are obliged to 
imagine certain points, lines, and circles belonging thereto, of 
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which soch as will more immediately enter under our consideration 
We shall here explain. 

The Axis is an imaginary line passing through the center of the 
Earth, round which it revolves once in 24 hours : the extremities of 
this line are called the Poles ; that which is the nearer to us is 
called the North Pole, and its opposite the South Pole . 

The Equator is a great Circle on the Earth equally distant from 
the Poles; it divides the Earth into two equal parts called 
Hemispheres; that having the North Pole in its Center is called 
the Northern Hemisphere, and the other the Southern Hemisphere . 

Meridians are imaginary Circles on the Earth passing through 
both the Poles, crossing the Equator at right Angles, and dividing 
the Globe into two parts called, the Lantern and Western Hemispheres ; 
or rather, the Meridian of a place is a Semicircle passing through 
the place and terminating at the Poles, the remaining half being 
called the opposite Meridian; hence every North and South Line 
is part of a Meridian. 

It is usual tor Geographers to fix upon aMeridian passing through 
some remarkable place, and to call it th ejirst Meridian ; thus, the 
British esteem that the first Meridian which passes through the 
Royal Observatory at Greenwich; so the French reckon for their 
first Meridian that which passes through the Royal Observatory at 
Paris; the Spaniards that which passes through Cadiz, and some 
Geographers the Meridian of Teneriffe: hence it appears the 
fixing of a first Meridian is entirely arbitrary, most nations con¬ 
sidering that the first Meridian which passes through their Capital, 
or principal Observatory. 

The Horizon is that apparent Circle which limits or bounds the 
view of a Spectator on the Sea, or on an extended plane, the eye 
being always supposed in the center of the Horizon. This Circle 
is divided into 32 parts called points, for a description of which see 
Mariner’s Compass. 

The Earth is sometimes divided by certain Circles, parallel to the 
Equator, into portions called Zones; these are distinguished into 
two frigid, two temperate, and one torrid, in allusion to the general 
state of the Air, with respect to heat and cold, which prevails in 
each of the situations. 

The Frigid Zones are those regions about the Poles where the 
Sun at certain times of the Year does not liseor set for some Days; 
they extend round the Poles as far as 23° 28': the imaginary Circle 
which bounds this limit in the northern hemisphere is called the 
Arctic Polar Circle , and that portion of the Globe included within 
it the North Frigid Zone . The Circle which is at the same distance 
from the South Pole, in the southern hemisphere, is called the 
Antarctic Polar Circle , and the space between it and the Pole is 
termed the South Frigid Zone . 

The Temperate Zones are those portions of the Earth compre¬ 
hended between the Polar Circles, and two parallel Circles that 
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are 23® 28' distant from the Equator; of these parallels, that in the 
northern hemisphere is called the Tropic of Cancer ; and the other, 
in the southern hemisphere, the Tropic of Capricorn . 

The Torrid Zonb is the space included between the two 
Tropics, over every part of which the Sun is vertical at some time 
of the Year. 

Besides these divisions into Zones, the Ancients divided the 
Earth into Climates, which are spaces contained between two 
parallels, where the difference in the longest day in each parallel 
is half an hour as far as the Polar Circles, and beyond that 
where they differ by a month; they likewise distinguished the 
inhabitants by different names according to the diversity of shadows 
of upright bodies at noon, and their relative situation with regard 
to each other—but these vague expressions, intended to give some 
general idea of the situation of different Countries, have at length 
given way to the more precise terms of Latitude and Longitude. 


Of Latitude and Longitude. 


The Latitude of a place is its distance from the Equator, 
measured by an Arch of a Meridian contained between the Equator 
and the given place; it is called either North or South, according as 
the given place is situated in the Northern or Southern Hemisphere. 
Latitude is therefore reckoned from the Equator towards the Poles, 
and never exceeds 90 degrees, that being the distance of the 
Poles from the Equator. Hence a Ship in North Latitude sailing 
northerly, or in South Latitude sailing southerly, increases her 
Latitude; but in North Latitude sailing southerly, or in South 
Latitude sailing northerly, she decreases her Latitude. 

The Parallel of Latitude of any place is a Circle passing 
through that place parallel to the Equator. 

The Difference of Latitude between any two places is an 
Arch of a Meridian, contained between the parallels of Latitude of 
those places. 

The Longitude of a place is an Arch of the Equator compre¬ 
hended between the first Meridian and that Meridian which passes 
through the given place. It is usual to reckon Longitude from the 
first Meridian either East or West, according as the given place lies 
in the Eastern or Western Hemispheres, until it meets at the 
opposite Meridian: therefore the Longitude of a place cannot exceed 
180 degrees, or a Semicircle. A Ship in East Longitude sailing 
easterly, or in West Longitude sailing westerly, increases her 
Longitude; but in East Longitude sailing westerly, or in West 
Longitude sailing easterly, she decreases her Longitude. 

The Difference of Longitude between two places is an Arch 
of the Equator intercepted between the Meridians of those places, 
and cannot exceed 180 degrees. 

Ia 
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PROBLEM I. 

Tofind the difference of Latitude between two Placet . 

Rule. When the Latitudes are both of the same name, that is, 
both North or both South, subtract the less from the greater, and 
the remainder will be the difference of Latitude; but when one is 
North and the other South, their Sum will be the difference of 
Latitude. 

Example i. What is the differ- Example n. A Ship from Lati- 
ence of Latitude between the Lizard tude 3° 10 # S. arrives to Latitude 
and Cape Finisterre ? 2° 26' N.: required the difference of 

Latitude made good. 

Latitude of the Lizard 49° 58'N. Latitude left 3° 10'S. 

Lat. of Cape Finisterre 42 52 N. Latitude in . 2 26 N. 

Diff. of Latitude . 7 6 Diff. of Latitude 5 36 

6o 60 

In Miles < 426 In Miles . 336 

PROBLEM II. 

With the Latitude left and the difference of Latitude , to find the 
s Latitude in. 

Rule. When the Latitude left and difference of Latitude are of 
the same name, their sum gives the Latitude in; but when they 
are of contrary names, their difference is the Latitude in, of the 
same name with the greater. 

‘ Example i. A Ship from the W. Example ij. A Ship three days 

end of the Island of Madeira, in ago was in Latitude 2° 48' N., and 
Latitude 32° 54' N., sails North has since then sailed South 426 Miles: 
520 Miles*: what Latitude is she required her present Latitude, 
in ? 

Latitude of Madeira 32° 54' N. Latitude left . 2° 48'N. 

Diff. of Lat. 520 or 8 40 N. Diff. of Lat. 426 or 7 6 S. 

Latitude in . 41 34 N. Latitude in 4 18 S. 


PROBLEM III. 

To find the difference of Longitude between two Places. 

Rule. If the Longitudes of the given places are both East or 
both West, subtract tne less from the greater; but if one be East 

* When the difference of Latitude or Longitude is given in Blilet it U to be divided bj 
6o, to reduce it to degrees and minutes. 
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and the other West, add them together, and the sum or remainder 
will be the difference of Longitude. When the sum of the two 
Longitudes exceed 180 degrees subtract it from 3(iO degrees, and 
the remainder will be the difference of Longitude. 


Example i. What is the differ¬ 
ence of Longitude between the 
Lizard aud St. Mary’s, one of the 
Western Islands? 

Long, of the Lizard 5° ll'W. 
Long, of St. Mary’s 25 14 W. 

Diff. of Longitude 20 3 

6o 

Jn Miles ~ 1203 


Example ii. A Ship sailing West¬ 
ward from Rotterdam 1. in the Pacific 
Ocean arrives to Long. 164° 47 ; E.: 
required the diff. of Long, made good. 

Long, of Rotterdam I. 174° 45'W. 
Long of Ship . 16*4 47 E. 

Sum . 339 32 

360 0 

Diff. of Longitude 20 26 
60 

In Miles . 122S 


PROBLEM IV. 

With the Longitude left and difference of Longitude , to find the 
„ Longitude in . 

Rule. If the Longitude left and difference of Longitude be of 
contrary names, subtract the Jess from the greater and the re¬ 
mainder will be the Longitude in, of the same name* with the 
greater; but if the Longitude left and difference of Longitude are 
of the same name tbeir sum will be the Longitude in, of the same 
name with the Longitude left; if this sum exceed 180° subtract it 
from 36 o c , and the remainder w ill be tbe Longitude in, of a contrary 
name to tbe Longitude left. 

Example i. Suppose a Ship Example ii. If a Ship from 
from St. Helena sails eastward till Longitude 176° 4</ W r . sail west- 
her difference of Longitude is 220 ward till her difference of Longitude 
Miles: required her Longitude in. is 10° 14' W., what is her present 

Longitude ? 

Longitude left . 176° 49'W. 

Diff'. of Longitude . 10 14 W. 

Sum 187 3 

360 0 

Longitude in 172 57 E. 


Long, of St. Helena 5° 49^. 
Diff. of Long. 220 or 3 40 E. 

Longitude in 2 9 W. 
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DESCRIPTION AND USE 

OF THE 

LOG, HALF-MINUTE GLASS, and 
COMPASS. 


TPhE Instruments used for estimating a Ship’s path or track at 
Sea, are the Log, Half-Minute Glass, and Coinpass. 


Of the Log and Half-Minute Glass. 


The common Loo is a flat piece of Wood in the form of a 
Quadrant with a sufficient quantity of lead fixed to the circular 
edge to keep it steady, and in a perpendicular position on the 
surface of the Water; to this is fastened a line about 120 fathoms 
long, called the Log-line, which is divided into spaces called 
Knots, and wound on a Reel from which it runs off freely when 
used. 

The Half-Minute Glass is of the same shape as an Hour 
Glass, and contains such a quantity of Sand as will run through the 
hole in its neck in half a minute of time. 

The use of these Instruments is to ascertain the velocity of a Ship, 
or at what rate she sails, by an operation called heaving the Log, 
which is performed in the following manner: The Reel being held 
by one Man, and the Half-Minute Glass by another, the Officer of 
the Watch throws the Log over the Ship’s Quarter on the Lee side, 
which swimming perpendicularly, remains stationary; and when he 
observes the first mark is going over the Ship’s side, w hich is usually 
a red rag at the distance of ten or twelve fathoms froth the Log, 
(that quantity, called stray line , being allowed in order to carry the 
Log out of the eddy of the Ship’s Wake,) he gives notice to the 
Man who holds the Glass to turn it; and as soon as the Sand in the 
Glass is run out, the line is immediately stopt; then, the number 
of knots and fathoms which had run off at the expiration of the 
Glass being considered as miles and parts, gives the distance the 
Ship has run the preceding hour, if the wind has been constant. 
But if the gale has not been the same during the whole hour, or 
time between heaving the Log, or if there has been more sail set, 
or handed, there must be an allowance made for it according to 
the discretion of the Artist. Sometimes, when the Ship is before 
the Wind, and a great Sea setting after her, it will bring home the 
Log; in such cases it is customary to allow one mile in ten, and 
Jess in proportion if the Sea be not so great; a proper allowance 
ought also to be made if there be a head Sea. In heaving the Log 
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OF THE LOG, HALF-MI NOTE GLASS, AND COMPASS. 6 $ 

great care should be taken to veer out the line as fast as the Log 
takes it; for if the Log is left to turn the reel itself, it will come 
home and give an erroneous distance. 

When the Ship is sailing several knots an hour, sometimes 
Quarter-Minute Glasses are used, in which case the knots and 
fathoms run off the reel are to be doubled to give the hourly rate. 

In Ships of War and East-Indiamen, it is usual to heave the 
Log once every hour, but in Merchant Ships only once every two 
hours. 

The length of the Log-line between each knot ought to be 51 
feet nearly, that being the same part of a Nautical Mile that half a 
Minute is of an Hour*, viz. 120th part: but as the Log is apt to 
be drawn after the Vessel, and since it is safer to have the reckoning 
rather before than after the Ship, 50 feet has been thought sufficient 
space between the knots, each of which contains )0 fathoms of 5 
feet: indeed it is usual to allow only 48 feet to a knot, that is, 8 
fathoms of 6 feet each, and sometimes a less quantity; with which a 
Glass is used running 28 Seconds: but whatever may be the assigned 
length of the intervals between the knots, it is most convenient to 
divide them decimally, or into ten equal parts, by which the com¬ 
putation of the Ship’s run will be rendered more easy and accurate. 

But both the Log-line and Half-minute Glass are frequently 
affected by alterations in the heat or moisture of the weather; it 
therefore becomes necessary often to examine them, and if found 
erroneous, to correct the Ship’s run. The length of line between 
the knots may be easily ascertained by measuring them with a Rule; 
and the Half-minute Glass may be examined either by a watch 
with a seconds hand, or if that be not at hand, by the following 
method: fasten a plummet to a line and hang this on a nail, 
observing that the distance between the nail and the middle of the 
plummet be 89| inches; then swing the plummet and notice how 
often it passes under the nail while the Glass is running out, and 
that will be the number of seconds measured by the Glass. 

The following Rules for correcting the Ship’s run on account of 
the errors in the Log-line or Half-minute Glass, are given on a 
supposition that the knot ought to measure 50 feet, and the Glass 
to run 30 seconds. 


CASE I. 

When the Log-line is truly divided and the Glass faulty . 

Rule. Multiply the distance given by the Log, by 30 ; divide 
the product by the seconds run by the Glass, and the quotient will 
be the true distance. 

m ■ 

* The length of a nautical mile it about 6no feet, (see pnge 56 ;) this divided by 122, 
gives 50 feet 11 inches for the length of a knot. 
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OF THE LOG, HALF-MINUTE GLASS, AND COMPASS. 


Example i. If a Ship sail 8 
knots by the Log, while the Glass is 
running out, which when measured 
is found to run 34 seconds, what is 
, her true rate of sailing? 

Distance by Log 8 knots 
30 

34)240(7 knots 
238 

2 


Example ii. Suppose the dis¬ 
tance sailed by the Log is 75 miles 
and the Glass runs dut in 27 seconds, 
what is the true distance run ? 

Distance by Log 75 miles 
30 

27)2250(83.3 true dis- 
2l6 tance sailed 


90 

81 


90 

81 


CASE II. 


9, &c. 


When the Glass ts true and the Log-line faulty. 

Rule Multiply the distance sailed by twice the measured length 
of a knot, then point off two figures to the right, and the remainder 
will be the true distance. 


Example i. A Ship sails 9 knots 
in half a minute, by a Log mea¬ 
suring 52 feet: required her true 
rate of sailing ? 

Dif tance by Log 9 knots 

Twice length of knot 104 

True rate . 9-56' knots, 

or 9 knots 4 fathoms nearly. 


Example ii. If a Ship sail 195 
miles by a Log which measures 48 
feet: what is her true distance run ? 

Distance by Log . 195 miles 

Twice length of knot 9b 

1170 

1755 

True distance . 187.20 miles 


CASE nr. 

When the Glass and Log-line are both faulty . 

Rule. Multiply the distance sailed by the Log, by six times the 
measured length of a knot, and divide the product by the seconds 
run bv the Glass, the quotient, pointing off one figure to the right, 
will be the true distance. 


Example i. If a Ship runs 5 
knots of a Log-line of 45 feet to a 
knot, while a Gh-.ss of 25 seconds 
is running out, wliat is her true rate 
of Sailing? 

Distance run by Log 5 

6 times length ol knot 45x6=270 


Example ii. Suppose the dis¬ 
tance tailed by the Log is 150 miles, 
the measured length of a knot is 51 
feet, and the Glass runs 28 seconds : 
required the true distance run. 

Distance by Log 150 miles 

6 Times length of a knot 306 


Seconds run by Glass 25)135.0 51)4590.0 

True rate of Sailing . 5.4 True distance run 90 uiilcs. 

or 5 knots 4 fathoms. 
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OF THE LOO, HA Wr-HWiCTB GLASS, AND COMPASS* ()5 

*Tc find the length of a Knot corresponding to a Glass running any 
given number of Seconds . 

RuhE. Add a cypher to the number of seconds run by the Glass, 
lind divide this by 6; the quotient will be the proportional length of 
a knot in feet. 

Example i. What ought to be Example it. Required the length 
the length of a knot when the Glass of a knot c orresponding to a Glass 
runs 33 seconds ? that runs 28 seconds* 

6)330 6)280 

55 feet. 46.67 or 46 feet 8 inches* 

Of the Mariner’s Compass. 

Th is Instrument is an artificial representation of the Horizon of 
any place ; it consists of a circular Card, divided into 32 equal 
parts by lines drawn from the center to the circumference, called 
Rhumb Lines, the extremities of which are termed Points or 
Rhumbs: the intervals are subdivided into halves and quarters, called 
Half Points and Quarter Points ; the whole circumference is 
likewise divided into 360 degrees, consequently the Angle compre¬ 
hended between any two Rhumbs is equal to 11 degrees 15 minutes. 
The four principal points are called the Cardinal Points, two of 
which, opposite each other, are called the North and South 
Points; that which is on the right hand when we look towards the 
North is termed the East, and its opposite the West Point; the 
names of the other points are compounded of these according to 
their situation, but instead of the words, the- initials only are 
inserted, as exhibited in Plate III., where there is also a Table 
containing the measure of the Angles that each point and quarter 
point makes with the North and South or Meridian line. Under 
the Card, along the North and South line, asmallbarof steel is 
fixed, called the Nekdle, which, being touched with a load-stone, 
acquires the peculiar property of pointing North and South*, and 
consequently by the Card determines the direction of the other 
points of the Horizon. The Needle, having a small socket in the 
center, is supported, together with the Card, on the point of a fine 
steel Pin on which it freely turns, and by the above-mentioned 
property its points keep always in the same direction; these'are 
confined in a circular brass box with a glass cover, the box being 
hung in brass hoops or gimbals, in order to counteract the motion of 


• This is not strictly true, for tlie Needle deviates more or less from the North and 
South immivs o f the Horizon, at di vrniit places, and at different tiroes; but as the 
me.'.hods by which this devijii m of the Needle is found depend on Astronomical Obser- 
taliom#'Wc shaildefer futeiin^ into a further explanation till we treat on that subject* 
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PLANE SAILING. 


the Ship. The whole of these are placed in a square wooden box 
with a moveable lid, which serves to support the gimbals and secure 
the Compass from accident in removals. 

The Compass is used to point out the direction that a Ship sails 
at Sea; for this purpose it is to be so placed in the Ship, that the 
middle section of the wooden box, parallel to its sides, may be 
parallel to the middle section of the Ship along its keel; when it is 
thus fixed, that point of the Card which coincides with a perpen¬ 
dicular line, marked in the inside of the circular box, and termed 
by Seamen, Lubber’s Point, will shew the direction of the Ship’s 
head. 

The Courses and Distances which a Ship sails in 24 hours are 
usually set down on a board called the Log Board, which will be 
further explained hereafter. 


PLANE SAILING. 


PLANE SAILING is the ^rt of navigating a Ship upon principles 
deduced from the supposition of the Earth’s being an extended 
plane. On this supposition, the Meridians are considered as being 
all parallel to each other, the parallels of Latitude at right Angles 
•to the Meridians, and the length of a degree on the Meridian, 
Equator, and parallels of Latitude, every where equal. In this 
Sailing there are four principal parts, viz. the Course, Distance, 
difference of Latitude, and Departure. 

The Course is the Angle which a Ships track or path makes 
with the Meridian, and is expressed either in points or degrees. 
Thus, >vhen a Ship sails in a North East direction, we say her 
Course is 4 points, or 45 degrees. 

The Distance is the number of miles, 8cc. between any two 

I daces reckoned on the Rhumb line of the Course; or it is the 
ength that a Ship has sailed on a direct Course in a given time. 

The Difference of Latitude is the distance which a Ship 
has made North or South of the place sailed from, and is reckoned 
on a Meridian. 

The Departure is the East or West distance a Ship has made 
from the Meridian of the place she departed from, and is reckoned 
on a parallel of Latitude. 

Hence it is evident, that if a Ship sail due North or South she 
sails on a Meridian, makes no Departure, and her distance and 
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difference of Latitude are the same : if a Ship sail due East or West 
she runs on a parallel of Latitude, makes no difference of Latitude, 
and her Departure and Distance is the same: but when a Ship sails 
in any other direction, she makes both difference of Latitude, and De¬ 
parture, and these, with the distance, form a right-angled Triangle, 
the Hypothenuse of which is the distance sailed, the Perpendicular 
is the difference of Latitude; the Base the Departure, the Angle 
opposite the Base is the Course, and that opposite the Perpendicular 
the Complement of the Course; hence, any two of these parts 
being given, the rest may be found by Plane Trigonometry. 

When a Ship’s Course is 4 points or 45 degiees, the difference of 
Latitude and Departure are equal; when the Course is less than 
4 points or 45 degrees, the difference of Latitude is greater than the 
Departure; when the Course is more than 4 points or 45 degrees, 
the Departure is greater than the difference of Latitude. 

In constructing a figure relating to a Ship’s Course, let the upper 
part of what the figure is drawn on represent the North, then 
the low r er part will be the South, the right hand East, and the 
left West. 

Draw a North and South line to represent the Meridian of the 
place the Ship sailed from ; then if the Ship’s Course be to the 
southward, mark the upper end of the line for the place sailed 
from; but if the Course be northward, mark the lower end for 
that place. 

Through the point sailed from draw a line making a right Angle 
with the Meridian line (Prob. XII. Geom.,) on the East or West 
side, according as the Ship is sailing to the eastward or westward ; 
and that line will represent the parallel of the place the Ship 
sailed from. 

When the Course is given, it is to be laid off from the Meridian 
on the Arch described in making the right Angle, taken either 
from the line of Chords or Bhumbs, according as it is given in 
degrees or points. 

A Line drawn from the center of the Quadrant through the 
point laid off' for the Course will represent the distance, which, if 

f ;iven is to be laid thereon, beginning at the point sailed from. A 
ine drawn from the extremity of the distance parallel to the 
East or West line will determine the difference of Latitude and 
Departure. 

If the difference of Latitude is given, it is to be laid upon the 
Meridian, beginning at the point representing the place the Ship 
left; and a line drawn from the extremity of the difference of 
Latitude, parallel to the East or West line, till it meets the distance 
produced, will form the figure. 

If the departure is given, it is to be drawn parallel to the East 
or West line, through the extremity of the difference of Latitude 
or Distance. 

K e 
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CASE I. 

The Course and Distance given, to Jind the diferencc of Latitude 

and Departure . 

Example. A Ship from Latitude 48° 40' N., sails N. E. b. N. 
296 Miles : required her present Latitude and the Departure made 
good. 


BY CONSTRUCTION. 

Draw the line bc to represent the Meri¬ 
dian the Ship sailed from; with the Chord of 
G0° in the Compasses and one foot in c, 
describe the Arch ne; from n to e layoff 
the Chord of 90° and draw the line ce ; then 
will nce represent the N. E. quarter of the 
Compass : take the Course 3 Points in the 
Compasses from the line of Rhumbs, whieh 
lay off from N towards E, and through the 
point where it cuts the Arch draw the line 
ca, which make equal to the distance 296, 
taken from a scale of canal parts; through 

A draw the line ha parallel to ce (Prob IV. Geom.;) then will ba 
represent the Departure equal to 104.4 miles, and cb the difference 
of Latitude 240 miles. 


B Departure . A 



BY CALCULATION. 


To find the Departure. 

As Radius . 10.00000 

Is to Distance 296 . 2.47129 
So is Sine of Course 3 Pts.* 9*74474 

12.21603 

10.00000 

To the Departure 164.4 2.21603 


To find the difference of Latitude. 

As Radius . 10.00000 

Is to Distance 296 . 2.47129 

So isCo. Siue ofCou. 3Pts. 9*91985 

12.39114 

10.00000 

To the diff.ofLat.246.1 12.39114 


To find the Latitude in. 

Latitude left . 48° 40 # N. 

Diff. of Lat. 246 miles, or 4 6 N. 

Latitude io • 52 46 N. 


• Tke Course being g ren in Points, the Logarithm of its Sine, &«, is to be taken from 

Talk XXIII* 
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BY INSPECTION*. 

Enter the first Traverse Table and find tbe Course 3 Points at 
tbe top, and in one of the columns marked D<st. find the distance 
2Qf>; then opposite to this, in the columns marked Eat. and 
Dep. will be the difference of Latitude 246.1, and the Departure 
164.4, 

BY THE COMMON GUNTER. 

Extend from Radius, or 8 Points, to the Course 3 Points on the 
line of Sine Rhumbs, marked s. r.; that extent will reach from 
the Distance 296, to the Departure j 64.4 on the line of Numbers. 

Extend from Radius, or 8 Points, to the Complement of the 
Course 5 Points on the line of Sine Rhumbs; that extent will 
reach from the Distance 296 , to the difference of Latitude 246.1 
on the line of Numbeis. 

BY THE SLIDING GUNTER. 

Set 8 Points on the line of Sine Rhumbs to coincide with the 
Distance 296 on the line of Numbers ; then, opposite to the Course 
3 Points, on the line of Sine Rhumbs, is the Departure 164.4 on 
the line of Numbers; and opposite the Complement of the Course 
b Points is the difference of Latitude 246.1. 


CASE II. 

The Course and difference of* Latitude given to find the Distance and 

Departure . 

Example. A Ship sails S. E. \ E. from St. Helena, in Latitude 
15° bo S. until by observation site is in Latitude 18° 49' S.; required 
her Distance run and Departure made good. 

Latitude of St. Helena 15°55'S. 

Latitude come to , 18* 49 S. 

Difference of Latitude 2 54 * 174 miles. 


# Previout to resolving the Cases by this method, it rill he necessary for the Learner to 
read attentively the explanations to Tables 1 . and II., which are constructed by this Case 
lor every point, quarter point, and degree of the Compass to distances not exceeding 300, 


Digitized by LjOOQle 



70 


PLANE SAILING* 


BY CONSTRUCTION. 

Draw the Meridian line cb, which s 
make equal to the difference of Latitude £ 

174 ; from c with the Chord of 60 ° de- ^ 
scribe the Arch se on which lay off 
y0°, and draw the line ce; from s ^ 
towards e lay off the Course 4f Points, £ 
taken from the line of Rhumbs, and 
thro’ the Point where it cuts the Arch se, 
draw the line ca; from b draw the line 
ba parallel to the line ce ; then will the 
Departure ba measure 212, and the Distance ca 274.3 miles. 

BY CALCULATION. 

To find the Departure. To find the Distance. 

AsCo.Sinr of Course 4| Pts. 9-80236 AsCo.Sine of Course 4|Pts. 9-80236 
Is to dift*. of Latitude 1/4 2.24035 Is toditf. of Lat. 1/4 • 2.24055 
So is Sine of Course Pts. 9-88818 So is Radius . 10.00000 

12.12873 12.24055 

9.80236* 9.80236* 

To the Departure212 2.326*37 To the Distance 274.3 2.43S19 

BY INSPECTION. 

Over the Course 4£ Points, find the difference of Latitude 174, 
(or the nearest to it, w hich is 173.8) in a Lat. column, opposite to 
which will he found the Departure 211.8 and the Distance 274 in 
their respective columns. 

BY THE COMMON GUNTER. 

Extend from the Complement of the Course 3| Points, to the 
Course 4f Points, on the line of Sine Rhumbs; that extent will 
reach from the difference of Latitude 174 to the Departure 212 on 
the line of Numbers. 

Extend from the Complement of the Course 3£ Points to Radius, 
or 8 Points, on the line of Sine Rhumbs; that extent will reach 
from the difference of Latitude 174 to the Distance 274.3 on the 
line of Numbers. 

BY THE SLIDING GUNTER. 

Set the difference of Latitude 174 on the line of Numbers, to the 
Complement of the Course Points on the line of Sine Rhumbs; 
then, opposite the Course Points on the line of Sine Rhumbs, 

will be the Departure 212 on rlie line of Numbers, and opposite 8 
Poiuts will be the Distance 2?4. 
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CASE III. 

The Course and Departure given , to find the difference of Latitude 

and Distance . 

Example. A Ship from S° 16 ' N. sails S. W b. W. J W. until she 
has made 356 Miles of Departure: required her present Latitude 
and Distance sailed. 


BY CONSTRUCTION. 

Draw the Meridian line cb, and D ____ ® 

describe the Quadrant cws to re* \ | ^ 

present the S. VV. quarter of the \ \y / jf ^ 

Compass; from s towards w lay off j & 

the Course 5\ Points, and through j V*y* i 

the Point where it cuts the Arch j - s 

sw draw the line ca ; from c to d j 

lay off the Departure 356 and thro* -- . 

n draw the line da parallel to cb a Departure 350 m. B 

meeting the line ca in a ; through a draw the line ab parallel to DC 

meeting cb in b; then will the difference of Latitude cb measure 
213.4, and the Distance ac 415.1. 


BY CALCULATION. 

To find the diff* of Latitude. To find the Distance. 

As Sine of Course 5\ Pts. 9*93335 As Sine of Course 5^ Pts. 9-93335 

Is to Departure 356 . 2.55145 . Is to Departure 356 2.55145 

So isCo.Si. of Course 5|Pts. 9*71105 So is Radius . 10.00000 

12.20250 12.55145 

9*93335 9-93335 

To the diff. of Lat 213.4 2.32915 To the Distance 415.1 2.6*1810 

To find the Latitude in. 

Latitude left . 3° l6'N. 

Diff. of Lat 213 miles, or 3 33 S. 

Latitude in . 0 17 S. 


BY INSPECTION. 

In that page of the Traverse Table marked with the Course 5$ 
Point* at the bottom, find half the given Departure,, viz. 178 (the 
whole being too great) in the Dep. column; opposite to which, in 
the Lat. and Dist. columns, will be lOO.Q and 208 ; these being 
multiplied by 2, give the whole difference of Latitude 213.8, and 
the Distance 4i(j miles. . -/yV*. • ; 
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BY THE COMMON GUNTER. 

Extend from the Course 5£ Points to the Complement of the 
Course 2| Points on the line of Sine Rhumbs; that extent will 
reach from the Departure 356 to the difference of Latitude 213.4 on 
the line of Numbers. 

Extend from the Course 5\ Points to 8 Points on the line of Sine 
Rhumbs; that extent will reach from the Departure 356 to flie 
Distance 415.1 on the line of Numbers. 

BY THE SLIDING GUNTER. 

Set the Departure 356 on the line of Numbers to the Course 51- 
Points on the line of Sine Rhumbs ; then, opposite the Complement 
of the Course Points on the Sine Rhumbs, will be the difference 
of Latitude 213.4 on the line of Numbers, and opposite 8 Points 
, the Distance 4151. 

CASE IV. 

The Distance and difference of Latitude given, to find the Course 

and Departure. 

Example. A Ship from Cape St. Vincent in Latitude 37° 1' N. 
sails between the North and West 430 miles, until her difference of 
Latitude is 214 miles: required her Course steered and Departure 
made good. 

BY CONSTRUCTION. 

Draw the Quadrant NCW to A Departure . B 

represent theN. W. quarter of the 
Compass, and from c to b lay off 
the difference of Latitude 214; 
through b draw the line ab 
parallel to cw; with the Distance 
430 in the Compasses, place one 
foot in c, and let the other foot 
cross ab in a and draw the line 
ac: then will the Course bca measure 60 degrees, and the De¬ 
parture a b 373 miles. 

BY CALCULATION. 

To find the Course. To find the Departure. 

As the Distance 430 2.f)3347 As Radius . 10.00000 

Is to Radius . 10.00000 Is to Distance 430 2.63347 

So is ibediff. of Lat. 214 2.33041 So is Sine of Course 60° 9*9-3819 

12.33041 12.5/1 66 

2.63347 10.00000 

ToCo. Sineof Cou. 60 5 9 # 9.69694 To the Departure 3/3 2.571675 
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BY INSPECTION. 

Seek in the several pages of the Traverse Tables until half the 
Distance 215, and half the difference of Latitude 107 are found 
opposite each other in their respective columns; against these will 
be found 186.2, which being doubled gives' the whole Departure 
373.4; and as the column where the difference of Latitude is found 
is marked Lat. at bottom, the Course is to be taken from thence, 
which in this Example is 60 degrees. 

BY THE COMMON GUNTER. 

Extend from the Distance 430 to the difference of Latitude 214, 
on the line of Numbers; that extent will reach from Radius, or 90°, 
to 29 ° 5T, the Complement of the Course on the line of Sines; 
hence the Course is 60° 9'. 

Extend from Radius, or 90°, to the Course 60° 9' on the line of 
Sines; that extent will reach from the Distance 430 to the De¬ 
parture 373 on the line of Numbers. 

BY THE SLIDING GUNTER. 

Set the Distance 430 on the sliding line of Numbers, to the 
difference of Latitude 214 on the fixed line of Numbers; then, 
opposite to 90° on the sliding line of Sines will be the Complement 
of the Course 29° 51 > on the fixed line of Sines; hence the Course 
is 60° 

Set 90° on the sliding line of Sines to the Course 60° 9 # on the 
fixed line of Sines; then, opposite the Distance 430 on the sliding 
line of Numbers will be the Departure 373 on the fixed Jine of 
Numbers. 

Or, reverse the slide, and set 90 on the sliding line of 
Sines to the Distance 430 on the fixed line of Numbers; then, 
opposite the difference of Latitude 214 will be the Complement of 
tne Course 29° M', and opposite the Course 60° & will be the 
Departure 373. 

CASE V. 

The Distance and Departure given , to find the Course and difference 

of Latitude . 

Example. A Ship from Latitude 1° 32' S. sails between the North 
and East 250 miles, and finds she has made 126 miles of Departure : 
required the Couise steered and her Latitude iu. 

L 
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BY CONSTRUCTION. 


Departure 126m. 


Dfaw the Quadrant nce to represent theN. E. ^ 

J uarter of the Compass; from c to d lay off the *3 
departure 126, and through D draw the line da 
parallel to cn produced; with the Distance 250 ^ 
m the Compasses, place one foot in c and let ^ 
the other cut da in a; draw the line ac, and 
through a draw the liue ba parallel to cd; then 
the Course bca will measure 30° 10 r , and the 
difference of Latitude cb 215*9* 



BY CALCULATION. 


To find the Course. 

As the Distance 250 . 2.39794 

Is to Radius . 10.00000 

So is the Departure 126 2.10037 


To find the diff. of Latitude. 

As Radius . 10.00000 

Is to the Distance 250 . 2.39794 

So is Co.Sine of Cou. 30° 1 6 ' 9 • 9^636 


12.33430 

10.00000 


To the diff. of Lat. 215.9 2.33430 


12.10037 

2.39794 

To Sine of Course 30° 16 ' 9-70243 


Latitude left . . . 1 ° 32 / S* 

Diff. of Latitude 215.9 miles, or 3 36 N, 


Latitude in . . . 2 4 N. 


BY INSPECTION. 

Seek in theTables till opposite the Distance 250,taken in its column, 
the nearest to the given Departure 126 is found its proper column* 
adjoining to which stands the difference of Latitude 21 6.5, and 
as the column in which the Departure is found, is marked Dep. at 
the top of the page ; the Course is to be taken from thence, which 
therefore will be 30 degrees. 

BY THE COMMON GUNTER. 

Extend from the Distance 250 to the Departure 126 on the line 
of Numbers; that extent will reach from Radius, or 90°, to the 
Course 30° 16 ' on the line of Sines. 

Extend from Radius, or 90 , to the Complement of the Course 
59° 44' on the line of Sines; that extent will reach from the 
Distance 250 to the difference of Latitude 216 on the line of 
Number^ ' 
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BY THE SLIDING GUNTER. 

Set the Distance 250 on the sliding line of Numbers, lo the 
Departure 126 on the fixed line of Numbers; then, opposite to 90 °, 
on the sliding line of SiDes, will be the Course 30° Iff on the fixed 
line of Sines. 

Set 90° on the sliding line of Sines to the Complement of the 
Coarse 59° 44' on the fixed line of Sines; then, opposite the 
Distance 250 on the sliding line of Numbers* will be the difference 
of Latitude 2l6 on the fixed line of Numbers. 

Or, reverse the slide, and set Q0° on the sliding line of Sines to 
the Distance 250 on the fixed line of Numbers; then, opposite the 
Departure 126 will be the Course 30° lb', and opposite the Comple¬ 
ment of the Course 59° 44' will be the differenoe of Latitude 216 . 

CASE VI. 

The difference of Latitude and Departure given , to find the Course 

and Distance . 

Example. A Ship from Funchal, in Madeira, in Latitude 
32° 37' N. sails a direct Course between the South and West until 
she is in Latitude 31° 12' N. by Observation, having made 72 inilea 
of Departure : required heir Course steered and Distance run. 

Latitude of Funchkl 3^ 37'N. 

Latitude in by Observation 31 12 N. ‘ 

Difference of Latitude 1 35=85 miles. 

BY CONSTRUCTION. : 


Draw the Meridian line <c»; and from 1 c 
describe the Quadrant csw ; from c to b lay 
off the difference of Lutitude 85; through b 
draw ab parallel to cw and equal to the 
Departure 72, andjoin ac : then the Course 
acb will measure 40° Iff and the distance 
ac 111.4. 


L 2 
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BY CALCULATION. 

To find the Course. To find the Distance. 

As the diff. of Lat 85 l .929*2 As Radius . 10.00000 

Is to Radius . 10.00000 Is to the diff. of Lat. 85 1.92942 

So is the Departure 72 1.85733 So is Sec. of Course 40° l6 / 10.11745 

11.85733 12.04587 

1.92942 10.00000 

ToTang.ofCourse40°l6' 9-92791 To the Distance 111.4 2.04587 

BY INSPECTION. 

Seek in the different pages of the Tables till the difference of 
Latitude 85 and the Departure 72, or the nearest thereto, are found 
together in their respective columns, which will be under the Course 
40 degrees; and the Distance answering to these will be 111. 

Note. In this Case always seek for tne larger of the two given 
Numbers, in the column marked Lat. at the top of the page until 
the smaller is found opposite to it in the column marked Dep. at the 
top; observing that when the Departure is more than the difference 
of Latitude, tne Course will be at the bottom of the page. 

BY THE COMMON GUNTER. 

-1 

Extend from the difference of Latitude 85 to the Departure 72 on 
the line of Numbers; that extent will reach from Radius, or 45°, 
to the (bourse 40° ifi'on the line of Tangents. 

Extend from the Complement of the Course 49° 44' to 90° on the 
line of Sines, that extent will reach from the difference of Latitude 
85 to the Distance 111.4 on the line of Numbers. 

BY THE SLIDING GUNTER. 

Set the difference of Latitude 85 on the sliding line of Numbers to 
the Departure 72 on the fixed line of Numbers ; then, opposite 45° 
on the sliding line of Tangents* will be the Course 40° i& on the 
fixed line of Tangents. 

Set the Complement of the Course 49° 44' on the sliding line of 
Sines, to 90° on the fixed line of Sines; then, opposite the 
difference of Latitude 85 on the sliding line of Numbers will be the 
Distance 111.4 on the fixed line of Numbers. 

QUESTIONS FOR EXERCISE. 

1. A Ship from Latitude 36* SO' N. sails S. W. b. W„ 420 mites; 
what is her present Latitude, and what Departure has she made? 

Ans r . Latitude in 32° 37' N. and Departure 349.3 miles. 
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2. A Ship from Latitude 3° 54' S. has sailed N.W. $ W. till she 
arrives to Latitude 2° 14' N.; required her Distance run and De¬ 
parture made good. 

Ans r . Distance 617.8 and Departure 496.2 miles. 

3. A Ship from St. Helena in Latitude 15° 55' S. sailsS. S. E. 1 E. 
till she has made 115 miles of Departure: I demand her present 
Latitude, and the Distance she has run. 

Ans r . Latitude in 19 ° 30'S. and Distance 244 miles. 

4. A Ship from Latitude 28° 20' N. sails north easterly 486 miles, 
and finds by Observation, that she is in Latitude 32° 17' N.; what 
Course has she steered and what Departure has she made ? 

Ans r Course N. 60° 49' E. or N. E. b. £. § £. nearly, and De¬ 
parture 424.3 miles. 

5. A Ship sails between the North and West 170 leagues from a 
port in Latitude 38° 42' N., until her Departure be 93 leagues; 
required her Course and Latitude in. 

Ans*. Course N. 35° 12* W., or N. W. b. N. { W. nearly, and 
Latitude in 45° 39'N. 

6. A Ship from the Lizard in Latitude 49° 58' N. sails to the 
westward on a direct Course till she arrives to Latitude 48° 11' N., 
and finds she has made 87 miles of westing: required her Course 
steered, and Distance run. 

Ane r . Course S. 39° T W., or S. W. b. S. \ W. nearly, and Dis¬ 
tance 137*9 miles. 


TRAVERSE SAILING. 


When a Ship, either from contrary Winds; or other Causes, 
is obliged to sail on different Courses, the irregular or zig-zag track 
she mokes is called a Traverse, or Compound Course; and the 
method of reducing these several Courses and Distances into a single 
Course and Distance, is called resolving a Traverse. 

To resolve a Traverse, make a Table, (as that in Example I.) and 
divide it into six columns; in the first of these 9et down the 
several Courses, and opposite to them, in the seconded umn, their 
corresponding Distances; the third and fourth columns are to bie 
marked N. b. at the top, and are to contain the differences of 
Latitude; the fifth and sixth are to be marked E. YV., to contain 
the Departures. 

Find the difference of Latitude and Departure corresponding to 
each Course and Distance by any of the methods in Case L of 
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Plane Sailing, the most common of which is Inspection ; set these 
down opposite the Distance in their proper columns,observing that 
the difference of Latitude must be placed in the North column if 
the Course be northerly, and in the bouth column if the Course be 
southerly; and that the Departure must be placed in the East 
column if the Course be easterly, and in the West column if it be 
westerly. When the Course is due North, South, East, or West, 
set down the Distance in that column answering to it. Add up the 
columns of northing, southing, easting, and westing, and set down 
the sum of each at the bottom; then the difference between the 
sums of the North and South columns will be the whole difference 
of Latitude made good, of the same name with the greater; and 
the difference between the sums of the East and We9t columns ik 
the whole Departure made good, of the same name with the 
greater sum. 

With this whole difference of Latitude and Departure made good, 
find the direct Course and Distance as in Case VI. of Plane 
Sailing. 

EXAMPLE I. 

Suppose a Ship from the Start, in Latitude 50° 13' N.,sails W.S.W. 
51 miles, W. b.N. 35 miles, S. b. E. 45 miles, S.W. b. W. 55 miles, 
and S. S. E. 41 miles: required her direct Course and Distance 
sailed, and her Latitude in. 

BY CONSTRUCTION. 


N 
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With the Chord of 60° describe the Circle nbsw, to represent 
the Compass; draw the diameters ns and ew at right Angles, 
the one representing the Meridian, and the other the Parallel the 
Ship sailed from : take each Course from the line of Rhumbs and 
lay them off from the Meridian in their respective quarters, and 
number them in order I, 2, 3, 4, &c.; thus, from S. to 1 lay off 6 
points for the first Course W. S. W.; from N. to 2 lay off 7 points 
for the second Course v\. b. N.; from S. to 3 lay off 1 point tor the 
third Course S. b. E.; from S. to 4 lay off 5 points for the fourth 
CourseS. W. b. W.; from S. to 5 lay off 2 points for the fifth Course 
S. S. E.; and from the center of the Circle draw Rhumb lines to 
each of these points, which mav be produced to any length that is 
necessary. Upon the first Rhumb c 1, lay off the first Distance 51 
miles, from c to a ; then will a represent the Ship’s place at the 
end of the first Course; through a draw ab parallel to the second 
Course c 2, (Prob. IV. Geom ) and make it equal to the second 
Distance 35 miles ; through b draw bc parallel to c 3, and equal to 
45 miles; through c draw cd parallel to c 4, and equal to55 miles; 
and through D draw de parallel to c 5, and equal to 41 miles. 
Through e draw the line ef parallel to the East and West line we, 
meeting ns produced, in f, and join ce. Then will cf be the 
difference of Latitude made good, measuring 125.3; ef the 
Departure 102.6, ce the Distance 162 , and the Angle ecf the 
Course 39° 19 # > orSf Points. 

TRAVERSE TABLE. 


Courses. 

Dist 

Diff. of Lat. 

Departure. 

N. 

s. 

E. 

w. 

W. S. W. 

51 


19.5 


47.1 

W b. N. 

35 

6.8 



34.3 

S. b. E. 

45 


44.1 

8.8 


S.\V.b.W. 

55 


30.6 


45.7 

S. S. E. 

41 


3 7.9 

15.7 




6.8 

132.1 

24.5 

127.1 




6.8 


24.5 


Diff. o 

f Lat. 

125.3 

Dep. 

102.6 


Lat. left 
Diff of Lat. 125 

Latitude in 


50° 13'N. 
or 2 5 S. 

48 8 N. 


Digitized by v^ooQle 




60 


TBAVEHSE SAILING, 


Tojindthc Course and Distance made good, 
BY CALCULATION. 


To find the Course. 

As diff. of Lat. 125.3 2 .09795 

Is to Radius 10.00000 

So is Departure 102.6 2.01115 


To find the Distance. 

As Radius . . 10.00000 

Is to diff. of Lat. 125.3 2 . 09795 
So is Sec.ofCour.39°19 ; 10.11145 


12.01115 12.20940 

2.09795 10.00000 

To Tang. Course39° 19' 9-91320 To the Distance 162 . 2.20940 
Hence the direct Course made good isS. 39° I9'W.or S.W.b.S.fW. 
and the Distauce 162 miles. 


BY INSPECTION. 

Seek in the Traverse Table till the difference of Latitude 125.3, 
and Departure 102.6, are found opposite each other in their 
respective columns; the nearest to these will be 125.2 and 102.3, 
which give the Course Points at the top, and the Distance 162 in 
its column. 

EXAMPLE II. 

A Ship from the North Foreland in Latitude 51° 23' N. and bound 
to the Texel which lies in Latitude 53° 2' N., and 115 miles to the 
Eastward,sails N. E. 35 miles, E. b. S. 25 miles, N. E. b. E. f E. 40 
miles. North 21 miles, N. W. b. W. SO miles; required her Course 
and Distance made good, the Latitude she is in, and Departure 
from the Meridian; also the direct Course and Distance from the 
Ship to the Texel. 

BY CONSTRUCTION. 

With the Chord of 60° describe a Circle, through the center of 
which draw the North and South, or Meridian line, N. S., and at 
right Angles to it the East and West line W. E.; lay off from the 
Meridian upon the circumference of the Circle the several Courses 
in their proper quarters, number them in order, and draw a Rhumb 
line from the center to each of the Points ; then, on the first Rhumb 
line, which is N. E. or 4 Points, lav off the Distance 35 from the 
center, and through the end of this first Distance draw a line 
parallel to the second Rhumb, E. b. S. 7 Points, on which lay off 
the second Distance 25; proceed thus till all the Courses and 
Distances are laid off, and through the end of the last Distance, 
draw the line a b parallel to the line W. E. meeting S. N. produced, 
in b; then will a represent the Ship’s place, cu will measure the 
difference of Latitude made good 76.4, ba the Departure 59*6, 
ca the Distance run 97, and the Angle bca the Course steered 
38 degrees. 

To find what Course the Ship must steer and what Distance she 
must run before she can arrive at the Texel, lay off from c ton 99# 
the whole difference of Latitude between the Foreland and the 
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Texel, and through p draw df parallel to W. E. and equal to the 
whole Departure 115, then will f represent the situation of the 
Texel: through a draw ae parallel to cp and join af; then ae 
will be the Northing or difference of Latitude 23 , and ef the Easting, 
or Departure 55 , tne Ship has to make good; af the Distance the 
Ship has to sail 60, and the Angle baf measuring 67° £7'* the Course 
from the Ship to the Texel. 



Courses, 

Di9t, 

Diff. of Lat. 

Departure. | 

N. 

s. 

E. 

W. 

N. K. 

35 

24.7 

mm 

24.7 


E. b. S. 

25 



24.5 


N. E. b. E. i E. 

40 

18.9 

■ 

35.3 


North . 

21 

21.0 

a. 



N. W. b. W. 

30 

1 6.7 

Wm 


24.9 




mmm 

84.5 

24.9 ' 



Vfl 

m 

24.9 



Dfo of Lat. 

KQ 

■99H 

59.6 

• 
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To find the Course and Distance made good , 

BY CALCULATION. 

To find the Course. To find the Distance. 

As diff. of Lat. 76.4 . 1.88309 As Radius . IQ.00009 

Is to Radius . 10.00000 Is to diff. Lat. 76.4 . 1.88309 

So is Departure 59.6 1.77525 So is Sec. Course 37° 58' 10.10327 

11.77525 11.98636 

1.88309 10.00000 

To Tang. Course S7°38' 9.892J6 To the Distance 96.91 1.98636 

BY INSPECTION# 

The difference of Latitude 76.4 and Departure 59*6 being looked 
for till they are found opposite eaph other in their respective 
columns, give the Course 38° and the Distance <J7. 


To find the direct Course and Distance from the Ship to the TexeL 


Lat. of N. Foreland 

51° 

23'N. 

Whole Departure 

llom. 

Diff. of Lat. made good 7 6m. 

or 1 

16 N. 

Dep r . made good 

59 6' 

Latitude in 

"5?" 

"i^N. 

Dep r . to make good 

55.4 

Lat. of Texel 

53 

2 N. 


Diff. of Lat, to make good 

. 0 

23 




BY CALCULATION. 

To find the Course. To find the Distance. 

As the diff. of Lat. 23 1.36173 As Radius . 10.00000 

Is to Radius . 10.00000 Is to diff. of Lat. 23 1.36173 

So is Departure 55.4 1.74351 So is Sec. Course67°27 # 10.416*25 

11.74351 Tl. 77798 

1.36173 10.00000 

ToTang. Course 67° 27' 10.38178 To the Distance 59-98 1.77798 

BY INSPECTION. 

The Departure 53.4 and difference of Latitude 23 being looked 
for in the Tables till they are found together, the nearest answering 
to them will be over the Course 6 Points, and opposite the Distance 
60 miles. 

QUESTIONS FOR EXERCISE. 

1. A Ship from the Lizard in Latitude 49° 58' N. sails as follows; 
S f b. W. 42 miles, W. S. W. 36 miles, West 18 miles,, E. S. E. 22 
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miles; South S4 miles, and N. E. 21 miles: required her present 
Latitude and the direct Course and Distance made good. 

Ans r . Her Latitude in is 48° 35 ' N.; the Course made good S. 
16° 27 W. or S. b. W. f W. nearly, and the Distance 86.16 miles* 

2. A Ship from a Port in Latitude 38° 42* N., bound to another 
Port situated in Latitude 3 & 39! N., and 137 miles to the Eastward, 
sails the following Courses; S. b. W. J W. 55 miles, S.W.b.S.f W. 
37 miles, South 60 miles, E. S. E. 40 miles, S. E. b. S. \ E. 32 miles, 
and N. E. b. E. £ E. 58 miles: required her direct Course and 
Distance made good, her present Latitude, and the direct Course 
and Distance to her intended Port* 

Ans r . The Course made good is S. 23° 38' E. and the Distance 
169 miles; the Latitude in 36° 7 ' N., the Course to the intended 
Port N. 70° 8' E., aud the Distance 73.56 miles. 

3. The Course (by Compass) from Beacby Head to Selsea Bill is 
N. 67 ° W. and Distance 40 miles; from Selsea Bill to St. Catharine’s 
Point N. 86° W. 21 miles; from St. Catharine’s Point to Portland 
Lights N. 6£)° W. 44 miles; from Portland Lights to the Start N. 85® 
W. 49 miles: required the Course and Distance from Beachy Head 
to the Start. 

Ans r . The Course is N. 75° 51'W. or W. N. W. £ W., and 
Distance 152 miles. 


PARALLEL SAILING. 


Xn Plane Sailing it was observed that the Meridians are considered 
as being all parallel to each other, and the length of a degree on 
the Meridian and Parallels every where equal, which supposition 
will give just conclusions so far as the Course, Distance, difference 
of Latitude, and Departure, are concerned, because a Ship when 
sailing on a Rhumb makes equal Angles with the Meridians; 
but as the Earth is a Sphere, or Globe, and the Meridians meet at 
the Poles, it is evident that the Distance between any two 
Meridians must vary in every Latitude, their greatest Distance 
being at the Equator on which the difference of Longitude is 
measured; hence, the difference of Longitude always exceeds the 
Departure, or meridian Distance, (except on the Equator, where 
they are the same) in proportion as the given places are situated 
further from the Equator. 

M 2 
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Pa^allil Sailing is the? method of finding the Distance 
between two places in the same Latitude when their difference 
of Longitude is known, or of finding the difference of Longitude 
answering to the Distance or Departure made good, when a Ship 
sails due East Or West. 

This Soiling is particularly useful in making small or low Islands, 
in which case it is usual to tun into the Latitude, and then steer due 
East or West. 

The Principles upon which Parallel Sailing 
depend, may be thus illustrated: Let paec 
represent a Section of one fourth part of the 
Earth, through the center c and one of the A 
Poles p; then pae will be part of a Meridian, 
pc the Polar, and ec the equatorial Semi-axis; 
also let 9 bo represent part of another Meri¬ 
dian, a and b two places in the same parallel 
being equally distant from the Equator eoq ; 
then will ab be their meridian Distance, and 
eo their difference of Longitude; the Arches AEor bo Will measure 
their Latitude, and ap or bp their Co. Latitude; ab, the radius of 
the parallel abs will be the Sine of the Arch ap, the Co. Latitude 4 
or Co. Sine of ae, the Latitude of a or b. Now the Angles abb 
and eco being equal, the Arches ab and eo are similar, and as 
Circles and similar Arches of Circles are in direct ratio to their 
radii, therefore 



ec (or ac) : eo :: ab : ab 
That is. As Radius Or, As Radius 


Is to difference of Long. 
80 is Co. Sine of Latitude, 
To the meridian Distance 

And, ae : ab :: EC (or ac) : xo. 

That is, As Co. Sine of Latitude 
Is to meridian Distance 
So is Radius 
* To difference of Long. 


Is to any given portion of Equator 

So is Co. Sine of Latitude 

To a similar portion of given parallel 

Also, xo : ec :: ab : ab. 

That is, As difference of Longitude 
Is to Radius 
So is nteridian Distance 
To Co. Sine of Latitude. 


Hence, if a Triangle as Afec (see Figure in Case I.) be so con* 
gtructed that the longest side ac may represent the difference of 
Longitude in miles, the Base a b the meridian Distance, and the Angle 
opposite to it acb, the Co. Latitude, consequently the other Angle 
bac equal to tjbe Latitude, and any two of these parts be given, tnc 
other may be found by Trigonometry* 
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CASE I. 

The difference of Longitude between two places, both in one parallel 
of Latitude, given, to find their Distance. 

Example. A Ship in Latitude 35° 56' N. and Longitude 20° 17'W. 
is bound to St. Mary's, one of the Western Islands, in the same 
Latitude and in Longitude 25° 5' W., what Distance must she run 
to arrive at the Island ? 

90° </ .Longitude of Ship 20° 17' W. 

Latitude 35 56 Longitude of St. Mary 25 5 

Co. Latitude 54 4 Diff. of Longitude 4 48=288 miles. 

BY CONSTRUCTION. 

Draw the line ab of any length, and 
make the Angle cab equal to the Lati¬ 
tude 35° 56' (Prob. XII. Geom.;) from 
a to c lay off the difference of Longitude 
288, and from c draw cb perpendicular 
to ab (Prob. III. Geom.;) then will ab 
measure 233, the Departure or Distance 
required. 

BY CALCULATION. 


As Radius • 

10.00000 

h to the difference of Longitude ac 288 

2.45931) 

So is Co. Sine of Latitude 35° 

9-90832 


12.36771 

10.00000 

To the Distance ab 233.2 

2.36771 

BY INSPECTION. 



Seek for the Complement of the Latitude 54° among the degrees 
in the Traverse Table, as if it were a Course, and for the difference 
of Longitude 288 in one of the Distance columns of that page^ 
opposite to which, in the Departure-column, will be found 233, the 
Departure or Distance required. 

BY THE COMMON GUNTER. 

Extend from 90 ° to the Co. Latitude 54° 4' on the line of Sines; 
that extent will reach from the difference of Longitude 288 to 
(be DUtaooe 233, on the line of Numbers. 

BY THE SLIDING GUNTER. 

Set 90° on the sliding line of Sines to the Co. Latitude 54 9 4' on 
the fixed line of Sines; then> opposite to the difference of Longitude 
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£88 on the sliding line of Numbers, will be 233 the Distance, on the 
fixed line of Numbers. 

By this Case the meridian Distance in miles and decimal part*, 
answering to a degree of Longitude in any parallel of Latitude may 
be found. Suppose, for example, it were required to find the 
number of miles contained in a degree of Longitude in Latitude 45°, 

As Radius . . . . 10.00000 

Is to Co. Sine of Latitude . . 45° 9*84949 

So is the miles in a degree of Longitude at Equator 60 1.77815 

11.62764 

10.00000 

To the miles in a degree of Long, in the given parallel 42.43 1,62764 

CASE II. 

The Distance between two places both in the same parallel of Latitude 
given , to find the difference of Longitude . 

Example. A Ship from Latitude 49°32 / N. and Longitude 10*l6W. 
sails due West 118 miles: required her present Longitude. 

BY CONSTRUCTION. 

c 

Draw the line ab, which make equal *-at. 
to the given Distance 118, and make j 
the Angle cab equal to the Latitude 
49° 32' (Prob. XII. Geom.;) upon b 
erect the Perpendicular bc, cutting 
the line ac in c; (Prob. II. Geom.;) 
then will the line ac measure 182, the 
difference of Longitude required. 



BY CALCULATION. 


As Co. Sine of Latitude 49° S2 1 
Is to the Distance ab 118 
So is Radius 


9.81225 Long, left . 10° l6'\V. 

2.07188 D.ofLong. 182,or 3 2 W. 

10.00000 _ . , . - 

- Longitude m 13 18 W. 

12.07188 

9*81225 


To the diff. of Longitude 181.8 2.25963 


BY INSPECTION. 

Look for the Co. Latitude 40° in the Table, as a Course,' and for 
the Distance 118 in one of the Departure columns, opposite to 
which in the Distance column will be found 184; but as the Co. 
Latitude is nearly half why between 40° and 41°, look again in the 
page with 41° at the top* for the Distance 118 in one of the 
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Departure columns, and opposite in the Distance column will be 
found 1*80; then half the sum of this and 184, found before, will 
be 182, the difference of Longitude. 

BY THE COMMON GUNTER. 

Extend from the Co. Latitude 40° 28' to radius 90° on the line of 
Sines; that extent will reach from the Distance 118 to the difference 
pf Longitude 182 miles. 

BY THE SLIDING GUNTER. 

Set the Co. Latitude 40° 28' on the sliding line of Sines to 90° on 
the fixed line of Sines; then, opposite to the Distance 118 on the 
sliding line of Numbers, will be the difference of Longitude 182 on 
the fixed line of Numbers. 


CASE III. 

The difference of Longitude and Distance between two places in the 
same parallel of Latitude given , to find the Latitude of that 
parallel . 

Example. A Ship sails due East 156 miles and then finds she 
has altered her Longitude 314 miles : required the Latitude of the 
parallel she has sailed on. 


BY CONSTRUCTION. 


Draw the line ab and make it equal to the 
Distance 156; on b erect the perpendicular bc, 
and with an extent in the Compasses equal to 
the difference of Longitude 314, set one foot in 
a, and with the other describe an Arch cutting bc 
in c, and draw the line ac ; then the Angle cab 
will measure 60° 13' (Prob. XIII. Geom.) the 
Latitude required. 


c 



BY CALCULATION. 

As the difference of Longitude ac 314 2.49693 

Is to Radius , . . 10.00000 

Sp is the Distance . . ab 156 2.19312 

# 12.19312 

2.49693 

To Co. Sine of the Latitude 60° 13* 9*69619 
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BY INSPECTION- 

Seek in the several pages of the Table till half the difference of 
Longitude and Distance, viz. 157 and 78 (the whole exceeding the 
limits of the Table) are found opposite each other in the Distance 
and Departure columns, which will give the Co. Latitude 30° at the 
top of the page, and consequently the Latitude required will be 60°. 

BY THE COMMON GUNTER. 

Extend from the difference of Longitude 314 to the Distance 156 
on the line of Numbers; that extent will reach from 90° to the 
Complement of the Latitude QQ° 47' on the line of Sines. Hence 
the Latitude required is Go° 13'. 

BY THE SLIDING GUNTER. 

Set the difference of Longitude 314, on the sliding line of 
Numbers to the Distance I5fi on the fixed line of Numbers; then, 
opposite 90 ° on the sliding line of Sines, will he the Co Latitude 
2<)° 47' on the fixed line of Sines. ' Hence the Latitude required is 
60 ? 13V 


MIDDLE LATITUDE SAILING. 


When a Ship sails due North or South she keeps on the same 
Meridian, and therefore docs not change her Longitude, and her 
Distance run is the difference of Latitude; consequently her place 
is easily determined by the Latitude left and difference of Latitude: 
.Again, when a Ship sails clue East or West her difference of Longitude 
is found by the Latitude in, and Departure or meridian Distance, as 
already explained in Parallel Sailing; but when she sails upon any 
other Course, she changes both her Latitude and Longitude. ' Now 
the difference of Longitude cannot be inferred either from the 
Departure, considered as a meridian Distance in the Latitude left, 
or tliat come to, for in the greater Latitude it would give the differ j 
ence of Longitude too much, and in the lesser Latitude too little; the 
Departure is therefore accounted a meridian Distance in the mean of 
the two Latitudes, and then the difference of Longitude is found as in 
Parallel Sailing; hence this Method, which is compounded of Plane 
and Parallel Sailing, is called Middle Latitude Sailing. 

The Middle Latitude is half the sum of the two Latitudes when 
they are of the same name; or half their difference if of contrary 
names. 
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This method of Sailing, although not strictly accurate, especially 
in high Latitudes, approaches sufficiently near the truth fbr a day’s 
run ; but it is used principally irk low Latitudes; and when the Ship 
makes a Course nearly East or West. 

CASE I. 

The Latitudes and Longitudes of two Places given, tofind the Courie 
and Distance between them . 

Example. Required the Course and Distance from Cape St. 
Vincent, in Latitude 37° 1' N. and Longitude 9° 2' W., to Funchal, 
in Madeira, in Latitude 32° 37' N. and Longitude 17° 5' W. 

Lat. Cape St. Vincent 37° l'N. — 37° l' Long.C.St.Vinc. SfotVl. 
Lat. Funchal . 32 37 N. — 32 37 Long. Funchal 17 5 W. 

Diff. of Latitude 4 24 Sum 2)69 33 Diff. of Long. 8 3 

Mid Lat 34 49 

In miles . 264 90 0 In miles 433 

Co. Mid. LaJ. 35 11 

BY CONSTRUCTION. 

Draw the line ad to represent the Meri¬ 
dian of Cape St. Vincent: make the Angle 
adc equal to the Co. Mid. Lat. 55° 11' 

(Prob. XII. Geom.,) and from d to c lay off 
the difference of Longitude 483; from c 
draw the line bc perpendicular to ad 
(Prob. III. Geom.;) make ba equal to the 
difference of Latitude 264, and draw the 
line ac : then will bc represent the De¬ 
parture =: 396*5, the Angle bac the Course 
== 56° 2J', or 5 Points; and ac the Dis¬ 
tance = 476.4. 



D 


BY CALCULATION. 

To find the Departure. To find the Course. 

As Radius . 10.00000 As diff. of Lat. 264 . 2.42160 

Is to diff. of Long 483 2.68395 Is to Radius . 10.00000 

So isCo.Sine mid. lat. 34°4979.91433 So is Departure 396.5 2.59824 

12.59828 12.59324 

10.00000 2.42160 

To the Departure 396.5 2.59828 To Tanc. Course56° 21' 10.17664 

N 
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To find the Course without Dep. * 

As diff* of Lat. 264 2*42160 

Is to diff. of Long. 483 2.68395 
SoisCo.Sinemid.kt«34 0 49' 9.91433 


12.59828 

2.42160 


To Tang. Course 56° 21' 10 .17668 


To find the Distance. 

As Radius • 10.00000 

Is to diff. of Lat. 264 2.42160 

So is Sec. Course 56°21' 10.25640 


12.67800 

10.00000 


To Distance 476.4 . 2.67800 


Hence the Course from CapeSt.Vinccnt toFunchal isS. 56°2rYV, 
or S. W* b. W., and the Distance 476 miles. 


BY INSPECTION. 

Lrfok for the Co. Middle Latitude 55° as if it were a Course, and 
for 241, half the difference of Longitude (the whole being too great) 
in a Distance column, immediately opposite to which, in the De¬ 
parture column, will be found 197.4 ; tnis multiplied by 2, gives the 
Departure 394.8. 

Then 1S2, half the difference of Latitude, and 197.4,. half the 
Departure, being found opposite each other in their respective 
columns, will give the Course 5 Points, and half the Distance 237; 
which multiplied by 2 gives the Distance 474 miles. 

BY THE COMMON GUNTER. 

Extend from 90° to the Complement of middle Latitude 55° 11 # 
on the line of Sines; that extent will reach from the difference of 
Longitude 483 to the Departure 396.5 on the line of Numbers. 

Extend from the difference of Latitude 264 to the Departure 396.5 
on the line of Numbers; that extent will reach from 45° to the Course 
56° 21' on the line of Tangents. 

Extend from the Complement of the Course 33° 39' to 90° on the 
line of Sines ; that extent will reach from the difference of Latitude 
264 to the Distance 476.4 on the line of Numbers. 


BY THE SLIDING GUNTER. 

Set 90° on the sliding line of Sines, to the Co. Mid. Lat. 55° 11'on 
the fixed line of Sines; then, opposite the difference of Longitude 
483 on the sliding line of Numbers, will be the Departure 396.5 on 
the fixed line of Numbers 


• This proportion is deduced from the two preceding, as may be thus demonstrated : 
First, Had. : diff. Loug. : : Co. S. Mid. Lat. : Depr.; therefore Rad. x Dep. s» Co. S. 
Mid. Lat. x diff. I-ong. ; also, Diff. Lat.: Rad. : : Depr. : Tang. Course; therefore 
Rad. x Dep. — Diff. Lat. x Tang. Course ; consequently Diff. Lat. x Tang Course 
Co. S. Mid. Lat. x Did. Long. $ whence Diff. Lat. : Co. S. Mid. Lat. : t Diff. Long.: 
Tang. Course; or, Diff. Lat. : Diff. Loug. :: Co. S. Mid. Lat,: Tang. Course, 
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Set the diff. of Latitude 264 on the sliding line of Numbers to the 
Departure 396.5 on the fixed line of Numbers; then, opposite 45° on 
one of the lines of Tangents, will be the Course 56° 21' on the 
adjacent line of Tangents. 

Set the Complement of the Course 33° S9 # on the sliding line 
of Sines to 90 ° on the fixed line of Sines; then, opposite the 
difference of Latitude 264 on the sliding line of Numbers, will be 
the Distance 476.4 on the fixed line of Numbers. 


CASE II. 


One Latitude , Course, and Distance given , to find the difference of 
Latitude and Longitude . 

Ex a mplb. A Ship from Latitude 52° 6' N. and Longitude 35° 6W , 
sails N. W. b. W. 229 miles: required her present Latitude and 


Longitude. 

BY CONSTRUCTION. 

Draw the line ad, and make the Angle dac 
equal to the Course 5 Points; lay off", from a 
to c, the Distance 229 , and draw the line cB 

E nrpendicular to the line ad; then will the 
eparture cb measure 190.4, and the diff. of 
Latitude ab 127; hence the Latitude in is 
54° 13', and the Middle Latitude 53° 9'. Now 
make the Angle bcd equal to the Middle 
Latitude 53° 9', then will cd be the difference 
of Longitude measuring 317.4 miles. 

BY CALCULATION. 

To find the diff. of Latitude. 


D 



As Radius . 10.00000 

Is to Distance 229 2.35984 

SoisCo.SineCourse 5Pts. 9-74474 

12.10458 

10.00000 

To the diff. of Lat. 127.2 2.10458 


To find the Departure. 

As Radius . 10.00000 

Is to Distance 229 2.35984 

So is Sine Course 5 Pts. 9.91985 

12.27969 

10.00000 

To the Departure 190.4 2.27969 


Diff. of Lit. 127 miles, 

or 2° 7'N. 

Latitude left 

52 6N. 

Latitude in 

54 13N. 

Sum of Latitudes 

2)106 19 

Middle Latitude 

53 9 

90 0 

Co. Mid. Latitude 

36 51 

To find the diff. of Longitude. 


AsCo.SincMid. Lat. 53° 9* 9-77795 
Is to Departure 190.4 2.27967 
So is Radius • 10.00000 


12.27967 

9-77795 

To the diff. of Long. 3l7.4r 2.50172 
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To find diff. Long, without Dcp.* 

As Co. Sine Mid. Lat. 53° 9* 9 - 777 95 
Is to diff. of Lat. 127.2 2.1044-9 
So is Tang, Course 5 Pts. 10.17511 

12.27960 
,9.77795 

To the diff. of Long. 3 17.4 2.501 65 

BY INSPECTION. 

Look for the Course 5 Points at the bottom of the pages, over 
which, and opposite the Distance 229 in its column, will be the diff. 
of Latitude 127.2 and Departure 190.4 in their respective columns. 

Look lor the Co. Mid. Latitude S7° (being the nearest to 36° 5\') 
as if it were a Course, and for half the Departure 95.2 in its column 
opposite the nearest to which, in the Distance column, will be 
found 158, this, multiplied by 2, gives the difference of Longitude 
316 miles. 


Longitude left . 35° 6'\V. 

Diff. of Long. 317, or 5 17 W. 

Longitude in • 40 23 W. 


BY THE COMMON GUNTER. 

Extend from S Points to the Complement of the Course 3 Points 
on the line of Sine Rhumbs; that extent will reach from the 
distance 229 to the difference of Latitude 127.2. 

: Extend from 8 Points to the Course 5 Points on the line of Sine 
Rhumbs; that extent will reach from the Distance 229 to the 
Departure 190.4. 

Extend from the Co. Mid. Latitude 36 ° 51' to 90 ° on the line of 
Sines; that extent will reach from the Departure 190.4 to the diff. 
of Longitude 817.4. 

BY THE SLIDING GUNTER. 

Set S Points on the line of Sine Rhumbs to the Distance 229 on 
the line of Numbers; then, opposite the Course 5 Points will be the 
Departure 190.4, and opposite the Complement 01 the Course 
3 points wilj be the difference of Latitude 127.2. 

Set the Co. Mid. Latitude 36° 51 on the sliding line of Sines to 
90° on the fixed line of Sines; then, opposite the Departure 190.4 
on the sliding line of Numbers will be the difference of Longitude 
317.4 on the fixed line of Number*. 


t Or, by considering the whole Figure acd, as an Oblique-Angled Triangle, it may 
be stated thus: as Co, Sine Mid. Lat. is t* Distance, so is Sine Course to diff of 
Longitude, 
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CASE III. 

Both Latitudes and Departure given , to find the Course, Distance, 
and difference oj Longitude. 

Example. A Ship from Latitude 49° 57' N. and Longitude 
5° 11 ' W., sails between the South and We 9 t until she arrives in 
Latitude 38° 27 'N.. and finds she has made 440 miles of Departure; 
required the' Course she has steered, the Distance run, and the 
Longitude she is in. 

Latitude left 49° 5?' N. . 49° 57'N- 

Latitude in 38 27 N. . 38 27 N. 

Diff. of Lat. 11 30 Sum 2)88 24 

go - 

_ Mid Lat. 44 12 

In miles 6*90 90 00 

Co. Mid. Lat. 45 48 

BY CONSTRUCTION. 

Draw the line ad, and from a to b lay off the 
difference of Latitude 690 ; on B erect the Per^ c 
pendicular bc, which make equal to the Departure 
440 and join ac : draw the line cd so as to make 
an Angle with cb equal to the Middle Latitude 
44° 12'; then the Course cab will measure 32° 31', 
the Distance ac 818.5, and the difference of 
Longitude ©c 613.7. 

BY CALCULATION. 

To find the Course. To find the Distance. 

As diff. of Lat. 690 2.83885 As Sine of Course 32°31' 9.73042 

Is to Radius . 10.00000 1 s to Departure 440 2.64345 

<So is Departure 440 2.64345 So is Radius . 10.00000 

12.6*4345 12.64345 

2.83885 9.73042 

ToTaog. Course 32° 3P 9 .80460 To the Distance 818.5 2.91303 

To find the diff. of Longitude. To find the Longitude in. 

AsCo.SineMid. Lat. 44° 1 S' 9 .85547 Longitude left . 5 ° 11 ' W. 

Is to Departure 440 . 2 .64345 Diff. of Long. 6 l 4 m. or 10 14 W. 

So is Radius . . 10.00000 v - 

-— Longitude in 15 25 W. 

12.64345 

9-85647 

To diff. of Long 613.7 2.78798 



Digitized by Google 



94 


MIDDLB LATITUDE SAILING. 


BY INSPECTION. 

* One fourth the difference of Latitude and Departure, that 
172.5 and 110, are found to correspond nearly under 32° and S3°, 
the Departure opposite the difference of Latitude 172.5 being too 
little under 32° and too much under 33°; therefore the Course is 
about 32$ degrees, and the Distances answering to these are 203 
and 206; their sum 409 divided by 2 gives one fourth the Distance 
204.5, which multiplied by 4 gives the whole Distance 818. 

The Complement of Middle Latitude 46° taken as a Course with 
one fourth the Departure 110 in its column, gives in the Distance 
column 153 ; this, multiplied by 4, will be the difference of Longi¬ 
tude 612 . 

BY THE COMMON GUNTER. 

Extend from the difference of Latitude 690 to the Departure 
440 on the line of Numbers; that extent will reach from 45° to the 
Course 32° 31' on the line of Tangents. 

Extend from the Course 32° 31' to 90 ° on the line of Sines; 
that extent will reach from the Departure 440 to the Distance 818.5 
en the line of Numbers. 

Extend from the Co. Mid. Lat. 45° 48' to 90° on the line of 
Sines ; that extent will reach from the Departure 440 to the diff. of 
Longitude 613.7 on the line of Numbers. 

BY THE SLIDING GUNTER. 

Set the difference of Latitude 690 on the sliding line Of Numbers, 
to the Departure 440 on the fixed line of Sines; then, opposite 
45 ° on one of the lines of Tangents will be the Course 32° 31' on 
the corresponding line of Tangents. 

Set the Course 32° ST on the sliding line of Sines to 90 ° on 
the fixed line of Sines; then, opposite the Departure 440 on the 
sliding line of Numbers will be the Distance 818.5 011 the fixed line 
of Numbers. * 

Set the Co. Mid. Lat. 45° 48' on the sliding line of Sines to 
QO° on the fixed line of Sines; then, opposite the Departure 440 
on the sliding line of Numbers will be the difference of Longitude 
613.7 on the fixed line of Numbers. 

CASE IV. 

The Course and difference of Latitude given , to find the Departure , 
Distance, and difference of Longitude . 

Example. A Ship from Latitude42° 25' N. and Longitude 15°6W. 
sails N. E. b. E. for several days, and then finds by observation 
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that she is in Latitude 46° SO* N.: required the Distance she has 
sailed and her present Longitude. 

Latitude left . 42° 25'N. 42° 25'N. 

Latitude by Obs. 46 20 N. . 46 20 N. 

Difif. of Latitude 8 55 Sum 2)88 45 

60 -*- 

_ Mid. Lat. 44 22 

In miles 235 90 00 

Co. Mid. Lat. 45 38 

BY CONSTRUCTION. 

Draw the line ad, and from a to b lay off B 
the difference of Latitude 235; on b erect & 
the Perpendicular bc, and make the Angle 2 
bac equal to the Course 5 Points; draw the 4 
line cd making an Angle equal to the Middle 
Latitude 44° 22' with bc ; then the Departure <5 
bc will measure 352, the Distance ac 423, A 
and the difference of Longitude dc 492. 



BY CALCULATION. 


To find the Departure. 

As Radius • 10.00000 

4s to diff. of Latitude 235 2.37107 
So is Tang. Course 5 Pts. 10.17511 

12.54618 

10.00000 


To the Departure 351.7 2.54618 

To find the diff. of Longitude. 

As Co. Sine Mid.Lat.44°22' 9- 85423 
Is to Departure 351.7 2.54617 
So is Radius • 10.00000 

^ 12 ^ 546)7 

9.85423 


To find the Distance. 

As Co. Sine of Course 5 Pts. 9 • 74474 
Is to diff. of Latitude 235 2.37107 
So is Radius . 10.00000 


12.37107 

9-74474 

To the Distance 423 2.62633 

To find the Longitude in. 

Longitude left . 15° 6*W. 

Diff. of Long. 492m. or 8 12 E. 

Longitude iu . 6 54 W. 


To diff. of Long. 492 2.69194 

BY INSPECTION. 

Over the Course 5 Points, and opposite half the difference of 
Latitude 117.5 in its column will be found half the Departure 175.4 
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and half the Distance 211 ; these, multiplied by 2, give the whole 
Departure 350.8, and the Distance 422. 

The Co. Mid. Lat. 4 B° 38' being taken as a Course between 45° 
and 46°, give opposite half the Departure 175.4, in the Distance 
columos, 248 and 244 ; half the sura of these, viz. 246 will be 
half the difference of Longitude, which, multiplied by 2, gives the 
difference of Longitude 492. 

BY THE COMMON GUNTER. 

Extend from the Complement of the Course 3 Points to the 
Course 5 Points on the line of Sine Rhumbs; that extent will reach 
from the difference of Latitude 235 to the Departure 351.7 on the 
line of Numbers. 

Extend from the Complement of the Course 3 Points to 8 
Points, on the line of Sine Rhumbs; that extent will reach from 
the difference of Latitude 235 to the Distance 423 on the line of 
Numbers. 

Extend from the Co. Mid. Lat* 45° 38' to 90 ° on the line of 
Sines; that extent will reach from the Departure 351.7 to the 
difference of Longitude 492 on the line of Numbers. 

BY THE SLIDING GUNTER. 

Set the difference of Latitude 235 on the sliding line of Numbers, 
to the Complement of the Course 3 Points on the line of Sine 
Rhumbs; then* opposite the Course 5 Points on the line of Sine 
Rhumbs will be the Departure 351.7 on the line of Numbers, and 
opposite 8 Points will be the Distance 423. 

2d. Set the Co. Mid. Latitude 45° 38' on the sliding line of Sines 
to 90° on the fixed line of Sines; then, opposite the Departure 
351.7 on the sliding line of Numbers will be the difference of 
Longitude 492 on the fixed line of Numbers. 

CASE V. 

The difference of Latitude and Di$tance given , to find the Course 
and difference of Longitude . 

Example. .Suppose a Ship from Latitude 56° 30' N. has sailed 
South Easterly 257 miles when she arrives in Latitude 54° 47': 
required her Course and difference of Longitude. 


Latitude left 

56° 

30'N. 

56° 30'N. 

Latitude in 

54 

47 N. 

54 47 N. 

Diff. of Lat. 

1 

60 

43 

2)111 17 

Mid. Lat 55 38 

In miles 

103 


SO 00 

Co. Mid. Lat. 34 22 
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BY INSPECTION. 

Over the Course 5 Points, and opposite the Distance 229, i*..the 
difference of Latitude 127.2; hence the Latitude Come to is 54° I3t, 
and the mer. diff. of Lat. 212; then, over the Course 5 Points, and 
opposite half the mer* diff. of Lat. 106 in a Lat. column, will be 
found 1&3-8 in a Dep. column, which, multiplied bj 2, gives the 
diff. of Longitude 317J6. 

BY THE COMMON GUNTER. 

Extend from 8 Paints to the Complement of the Course 3 Points 
on the line of Sine Rhumbs; that extent will reach from the 
Distance 229 to the difference of Latitude 127.2 on the line of 
Numbers. 

Extend from 4 Points to the Course 5 Points on the line of 
Tangent Rhumbs ; that extent will reach from the mer. diff. of 
Latitude 212 to the diff. of Longitude 317.3. 

BY THE SLIDING GUNTER. * 

Set the Distance 229 on the sliding line of Numbers to 8 Points on 
the fixed line of Sine Rhumbs; then, opposite the Complement of 
the Course 3 Points will be the diff. of Latitude 127.2. 

Set the mer. diff. of Latitude 212 on the sliding line of Numbers 
to the Complement of the Course 3 Points on the fixed line of Sine 
Rhumbs ; theti, opposite the Course 5 Points, will be the difference 
of Long. 317*3. 


CASE III. 

Both Latitudes and Departure given , to find th$ Course , Distance 
and difference of Longitude. 


Example. A Ship from Latitude 49° 57' N. and Longitude 
5° IP W. sails between the South and We9t until she arrive* in 
Latitude 38° 27' N. and finds she has made 440 miles of Departure: 
required the Course she has steered, the Distance run, and the 
Longitude she is in. 


Lat. left 
Lat. in 


49° 57'N. Mer. Parts . 3470 

38 27 N. Mer. Parts . 2503 


Diff. of Lat. 11 30 
60 


Mer. diff. of Lat. 967 


In miles 690 


P 
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Mercator’s sailing. 
BY CONSTRUCTION. 


Having drawn the line ad, make ab equal 
to the proper diff. of Latitude 690 ; on b erect 
the Perpendicular bc and make it equal to the 
Departure 440; also make ad equal to the 
meridional diff. of Latitude 967* and draw db 
parallel to bc ; through a and c draw the line 
ae meeting de in e; then will the Angle cab 
be the Course 32° 3!', ac the Distance 818.5, 
and de difference of Longitude 616.5. 


BY CALCULATION. 


A 



To find the Course. 


To find the Distance. 


As diff. of L&t. 

690 

2.83885 

Is to Radius 


10.00000 

So is Departure 

440 

2.64345 


As Sine of Course 32° 31' 9-73042 
Is to Departure 440 2.64345 
So is Radius • 10.00000 


12.64345 

2.83885 


12.64345 

9-73042 


To Tang. Course 32°31' 9.80460 To the Distance 


818.5 2.91303 


To find the diff. of Longitude*. 

As Radius • 10.00000 

Is to mer. diff. Lat. 967 2.93543 

So is Tang. Course 32°3l' 9.80447 

J2.78990 
10.00000 

To diff. of Long. 6l6.5 2.78990 


Longitude left . 5° ll'W. 

Diff. of Long. 6l6m. or 10 16 W. 

Longitude in . 15 27 NY* 


BY INSPECTION. 

One fourth the difference of Latitude and Departure, viz. 172.5; 
and 110, are found to correspond nearly under 32° and 33°, the' 
Departure opposite the difference of Latitude 172.5 being too little 
unaer 32° and too much under 33°; therefore , the Course is about 
32f degrees, and the Distances answering to these are 203 and 206; 
their sum 409, divided by 2, gives one fourth the Distance £04.5, 
which, multiplied by 4, gives the whole Distance 818. 

One fourth the mer. diff. of Latitude 241.7 in one of the Lat, 
columns of the page marked with the Course 32° at the top, gives 
in the Dep. column 151.0, and the same with the Course 33° at the 


* Or, since the Triangles abc and adk are similar, the difference of Longitude mi f 
be found independent of the Course; for as ab : bc : : ad : de ; that is, as the proper 
diff. of Lat. is to the Dep., so is the mer. dML of Lot. to the diff. of Longitude. 
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top gives 156.9; the sura of these is 307.9> which, divided by 2, 
gives 1^3. 9 ; this, multiplied by 4, gives the difference of Longitude 
GI5.6. 


BY THE COMMON GUNTER. 

Extend from the difference of Latitude 690 to the Departure 440 
on the line of Numbers; that extent will reach from 45° to the 
Course 32° 31' on the line of Tangents. 

Extend from the Course 32° 31' to 90° on the line of Sines ; that 
extent will reach from the Departure 440 to the Distance 818.5 
on the line of Numbers. 

Extend from 4.3° to the Course 32° 31' on the line of Tangents; 
that extent will reach from the meridional diff. of Latitude 967 to 
the difference of Longitude 6l6.5 on the line of Numbers. 

BY THE SLIDING GUNTER. 

Set the difference of Latitude 690 on the sliding line of Numbers 
to the Departure 440 on the fixed line of Numbers; then, opposite 
45° on the sliding line of Tangents will be the Course 32° 31' on the 
fixed line of Tangents. 

Set the Course 32° 3 i' on the sliding line of Sines to 90 ° on the 
fixed line of Sines; then, opposite the Departure 440 on the sliding 
line of Numbers will be the Distance 818.5 on the fixed line of 
Numbers. 

Set 45° on the sliding line of Tangents to the Course 32° 31' on 
the fixed line of Tangents; then, opposite themer. cliff*, of Latitude 
967 on the sliding line of Numbers will be the difference of Longi¬ 
tude 616.5 on the fixed line of Numbers. 


CASE IY. 

Both Latitudes and Course given, to find the Distance and difference 
" of Longitude . 

Example. A Ship from Latitude 42° 25' N. and Longitude 
15° 6 ' W. sails N. E. b. E. for several days, and then finds by ob¬ 
servation that she is in Latitude 46° 20 N.: required the Distance 
•he has sailed, and her present Longitude. 


Latitude left 

42° 

25'N. 

Mer. Parts 

2815 

Latitude in by Oba. 

46 

20 N. 

Mer. Parts 

3144 

Diff. of Latitude 

~T~ 

55 

Mer. diff. Lat. 

329 


60 




In miles 

235 

P 2 
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Mercator's sailing 


BY CONSTRUCTION. 


" Draw the line ad, and from a to b 
lay off the diff. of Lat. 235; on b erect 
the Perpendicular bc, and make the 
Angle bac equal to the Course 5 Points; 
jay off the mer. diff. of Lat. 329 from a 
to d, and through o draw de parallel to 
bc ; then the Distance ac will measure 
423, and the diff. of Longitude de 492. 



BY CALCULATION. 

To find the Distance. To find the diff. of Longitude. 

As Co. Sine Course 5 Pts. 9-74474 As Radius . 10.00000 

/s to diff. of Latitude 235 2.37107 Is to mer. diff. Lat. 329 2.51720 
So is Radius . 10.00000 So is Tang. Course 5 Pts. 10.17511 

v 12.37W 12.69231 

9-74474 10.00000 

To the Distance 423 2.62633 To diff. of Long. 492.4 2.69231 

Longitude left . . 15° 6'\V. 

Difference of Longitude 492 miles, or 8 12 E. 

Longitude iu . . . 6 54 \V. 

* 

BY INSPECTION. 

Over the Course 5 Points, and opposite half the difference of 
Latitude 117-5 in its column, will be found half the Distance 211 
in its proper column; this multiplied by 2, gives the whole Dis¬ 
tance 422. 

Over the same Course, and opposite half the mer. diff. of Latitude 
164.5 found in a Latitude column, stands 246.1 in the corresponding 
Dep. column; which multiplied by 2, gives the diff. of Longi¬ 
tude 492.2. 


BY THE COMMON GUNTER. 

. Extend from the Complement of the Course* 3 Points to8 Points 
on the line of Sine Rhumbs ; that exte/it will reach from the diff. of 
Latitude 235 to the Distance 423 on the line of Numbers. 

Extend from 4 Points to the Course 5 Points on the line of Tan¬ 
gent Rhumbs ; that extent will reach from the mer. diff. of Lat. 329 
to thed.ff.of Longitude 492.4 on the line of Numbers. 

BY THE SLIDING GUNTER. 

Set the diff. of Latitude 235 on the line of Numbers to the Com¬ 
plement of the Course 3 Points on the line of Sine Rhumbs; then, 
opposite 8 Points on the line of Sine Rhumbs will be the Distance 
423 on the line of Numbers. 
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Set the mer. diff. of Lat. 329 on the line of Numbers to the 
Complement of the Course 3 Points on the line of Sine Rhumbs; 
then, opposite the Course 5 Points on the line of Sine Rhumbs will 
be the difference of Longitude 4<J2 on the line of Numbers. 

CASE V. 

Both Latitudes and Distance given, to find the Course and difference 

oj Longitude . ' 

Example. Suppose a Ship from Latitude 55° SO' N. has sailed 
South Easterly 257 miles when she arrives in Latitude 54° 47'N: 
required her Course steered, and difference of Longitude. 


Latitude left • 

56° 

30'N. 

Mer. Parts 

4128 

Latitude in 

54 

47 N. 

Mer. Parts 

3945 

Diff. of Latitude 

1 

43 

Mer. diff. Lat. 

133 


6*0 


Miles 103 

BY CONSTRUCTION. 

Draw the line ad, and from a to A 
b lay off the diff. of Latitude 103; ? 
on b erect the Perpendicular bc , ^ 1 ~ \ 
and with ihe Distance 257 hi the B s § * £ 

Compasses set one foot in a, and £• 

with the other describe an Arch £ _^ 

cutting bc in c, and draw the line<~D Diff. Long. E 

ac ; from a to d lay oft* the mer. diff. of Latitude I3.>, and through 
d draw de parallel to Be, meeting ac produced in e; then the 
Course bac will measure 66° 22', and the dift*. of Longitude de 418. 

BY CALCULATION. 

To find the Course. To find the diff. of Longitude. 

As the Distance 257 2.409.03 As Co. Sine Course 66° 22' 9.60302 

Is to Radius . 10.00000 Is to mer. diff. Lat. 183, 2.26245 

So is diff. of Lat. 103 2.01284 So is Sine Course 66° 22' 9-96196 

12.01284 12.22441 

2.40993 9*60302 

To Co. Sine Course 66° 22' 9-00291 Todiff. of Long. 418.2 2.62139 

CASE VI. 

One Latitude , Course , and Departure given , to find the Distance, 
difference of Latitude , and difference of Longitude . 

Example. A Ship sails S.S.W. from Latitude 51° 15'N. and 
Longitude 9° 50' W. until her Departure is 250 miles: required the 
Distance sailed, and her present Latitude and Longitude. 


Digitized by Google 



110 


Mercator’s sailing. 


BY CONSTRUCTION. 

Draw ad and make af perpendicular to it, on 
which lay off from a to f, the Dep. 250; through f 
draw fc parallel to ad,Sc draw ac making an Angle 
with ad equal to the Course 2 Points, meeting fc 
in c, through which draw cb parallel to fa ; then 
will the Distance ac measure 053, and the diff. of 
Latitude ab (304; hence the Latitude in is 41° 11', 
and the mer. diff. of Lat. 877 ; from a to d lay off 
877, and draw de parallel to bc or fa, meeting Ac 
produced in e ; then will the diff. of Longitude de 
measure 363. 


t A 



BY CALCULATION. 


To find the diff. of Latitude. 

As Sine of Course 2 Pts. 9 • 58284 
Is to Departure 250 2.39794 

SoisCo.Sineof Cou.2 Pts. 9.96562 

12.36356 
9.55284 

To the diff. of Lat. 603.6 2.78072 

Lat. left 51° 15' N. Mer. Tts. 3593 
Diff. Lat. 10 4 S. 

Lat. in 41 11 N. Mer. Pts. 2/16 

Mer. diff. Lat. 877 

Long, left 9° 50'W. 

Diff. Long. 6 3 W. 

Long, in 15 53 W. 


To find the Distance. 

As Sine of Course 2 Pts. 9.5S284 
Is to the Departure 250 2.39794 

So is Radius • 10.00000 


12.39794 

9.58284 

To the Distance 653.3 2.81510 


To find the diff. of Longitude. 

As Co. Sine of Cou. 2 Pts. 9*96562 
Is toiner. diff. Lat. 877 2.94300 
So is Sine Course 2 Pts. 9*58284 


12.52584 

9*96562 

To the diff. of Long. 363.3 2.56022 


CASE VII. 

One Latitude, Distance, and Departure given, to find the Course, 
difference of Latitude and difference of Longitude. 

Example. A Ship from Latitude 54° N. and Longitude 33°20'\V. 
sails 350 miles between the North and East, until she has made 220 
miles of Departure: required the Course steered, and her present 
Latitude and Longitude. 
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BY CONSTRUCTION. 

Draw ad and af perpendicular to it, 
which make equal to the Departure 220; 
through f draw fc parallel to ad, and 
with the Distance 350 in the Compasses, * 
feet one foot in a, and with the other draw § 
an Arch cutting fc in c; join ac and 3 
draw bc parallel to af ; then the Course 
bac will measure 38° 57', and the diff. of ~ 
Latitude ab 272.2; hence the Latitude in 
is 58° S2 / , and mer. diff. of Latitude 490; 
from a to d lay off 490, and through d 
draw de parallel to af or bc, meeting ac 
produced in e ; then the diff. of Longi¬ 
tude de will measure 39§- 



BY CALCULATION. 


To find the Course. 

As the Distance 350 2.54407 

Is to Radius . 10.00000 

So is Departure 220 * 2.34242 

12.34242 
2.54407 

To Sine of Course 38° 57' 9-79835 

I>at. left 54° 0'N. Mer. Pts. 3865 
Diff. Lat. 4 32 N. 


Lat. in 58 32 N. Mer. Pts. 4355 


Mer. diff. Lat. 490 

Longitude left . 33° 2 & W. 

Diff. of Long. 396 , or 6 36 E. 

Longitude in . 26 44 \V. 


To find the diff. of Latitude. 

As Radius • 10.00000 

Is to Distance 350 2.54407 

So is Co. Sine Course 38° 57' 9-89031 

12.43488 

10.00000 


To the diff. of Lat. 272.2 2.43488 

To find the diff. of Longitude. 

As Co. Sine Course 38° 57' 9-89081 
Is to mer. diff. Lat. 490 2 . 6*9020 
So is Sine Course 38° 57' 9-79840 

12.48860 

9-89081 

To the diff. of Long. 396.1 2.59779 


CASE VIII 


.One Latitude , Course , and difference of Longitude given , to find the 
Distance and difference of Latitude *. 

Example. A Ship from Latitude 34° 29' N. sails S. 41° W. till her 
.difference of Longitude is 680 miles: required her preseut Latitude, 
and Distance sailed. 


• This Case cannot be solved by Middle Latitude Sailing. 
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BY CONSTRUCTION. 


Draw ad and make af perpendicular to it, 
and equal to the diff. of Longitude 690; 
draw fe parallel to ad, ae making an Angle 
with ad equal to the Course 41°, meeting fe 
in e, and ed parallel to fa ; then ad will he 
the mer. diff. of Latitude equal to 782; which 
subtracted from the mer. parts of the Lati¬ 
tude left gives the mer. parts of the Latitude 
in; hence the Latitude in is23° 6', and the diff. 
of Latitude 683. Make ab equal to 683, and 
draw bc parallel to ed ; then ac will be the 
Distance measuring 905. 


F A 



BY CALCULATION. 


To find the mer. diff. of Latitude. 

As Radius . 10.00000 

Is to difi. of Long. 680 2.83251 

So is Co. Tang. Course 41° 10.06084 

12.89335 

10.00000 


To mer. diff. Lat 782.3 2.89335 


Lat. left 34° 29 'N. Mer. Pts. 2207 
Mer. diff. Lat. 782 

Lat. in 23 6 N. Mer. Pts. 1425 

Diff. Lat. 11 23 
60 

Miles 683 


To find the Distance. 

As Co. Sine Course 41° 9.87778 

Is to diff. of Lat. 683 2,83442 

So is Radius .. 10.00000 < 

12.86442 

9-87778 

To Distance . 905 2.95664 


QUESTIONS FOR EXERCISE. 

1. Required the Course and Distance from the Cape of Good 
Hope, in Latitude 34° 29' S. and Longitude 18° 23' E. to the Island 
of St. Helena, in Latitude 15° 55' S. and Longitude 5° 43' W, 

Ans r . By Middle Latitude Sailing the Course is N. 49° 35' W. and 
Distance 1718 miles. 

By M ercator’s Sailing the Course is N. 49° 25' W. and Dis¬ 
tance 1712 miles. 

2. A Ship from Lat. 29° 47'N. and Long. 24° 36' W. sails S. S. W. 
J W. 320 leagues: required her present Latitude and Longitude. 

Ans r . By Middle Latitude Sailing, her Latitude in is 16° 4' N. and 
Longitude in 33° 32' W. 

By Mercator’s Sailing her Latitude iu is 16° 4' N. and 
Longitude in 33° 33' W. 
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BY CONSTRUCTION. £ 

£ 

Draw the line ad, and from a to b lay off b 
the difference of Latitude 103; on b erect the 
Perpendicular bc ; and with the Distance £57 
in the Compasses, placing one foot in a, let 
the other cross bc in c, and draw the line ac ; 
draw cd, making with cb an Angle equal to 
the Middle Latitude 55° 38'; then the Course 
bac will 7 measure 66° 22*, and the difference 
of Longitude cd 417* 


BY CALCULATION. 


A 



C 


To find the Course. To find the diff. of Longitude. 

As the Distance 257 2.40993 AaCo.SineMid.Lat.55°38' 9.751^5 
Is to Radius ; 10.00000 Is to Tang. Course 66 ° 22 / 10.35894 

So is diff. of Lat. 103 2.01284 So is diff. Lat. 103 2.01284 


12.01284 12.87178 

2.40993 9-75165 

To Co. Sine Course 66°22' 9-60291 To diff. Longitude 417 2.62013 

Note. We shall omit working this and the following Cases by 
Inspection and Gunter’s Scales, as it is presumed the Learner suffi* 
ciently understands those methods without further instruction. 


CASE VI. 

One Latitude , Count , and Departure given , to find the Distance, 
difference of Latitude , and difference of Longitude . 


Example. A Ship sails S. S. W. from Latitude 
51° 15' N. and Longitude 9° 50' W. until her De- 

E arture is 250 miles: required the Distance sailed, and 
er present Latitude and Longitude. 

BY CONSTRUCTION. 

Having drawn the line ad, make ae perpendicular 
to it, and equal to the Departure £50; through b 
draw sc parallel to ad, and draw ac making an 
Angle with ad equal to the Course £ Points; draw 
cb parallel to ab, and the line cd, making an Angle 
with cb, equal to the Middle Latitude 46° 13'; then 
will the difference of Latitude ab measure 603.6, the 
Distance ac 653.3, and the diff. of Longitude 36l .3. 

O 
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MIDDLE LATITUDE SAILING. 


BY CALCULATION. 


To fi$d the cliff, of Latitude. 

A* Sine of Course 2 Pts. 9*58284 
Is to Departure 250 2.39794 

SoisCe.6ineofCour$e2Pts. 9.96562 

12.36356 

9.58284 

To the diff. of Lat. 603.6 2.78072 


Latitude left . 51°15'N. 

Diff. of Latitude 604m. or 10 4 S. 

Latitude in • 41 11 N. 

Sum of Latitudes 2)92 26 

Middle Latitude . 46 13 

90 00 

Co. Mid. Latitude 43 47 


To find the Distance. 

As Sine of Course 2 Pts. 9 .58284 
Is to Departure 250 2.39794 

So is Radius . 10.00000 


To find the diff. of Longitude. 

As Co. SineMid. Lat.46° 13' 9 • 84006 
Is to Departure 250 2.39794 
So is Radius • 10.0P000 


12.39794 12.39794 

9*58284 9*84006 


■ To the Distance 653.3 2.81510 Tp the diff. of Long. 361.3 2.55788 

Longitude left . . 9° 50'W. 

Difference of Longitude 36l miles, or 6 1 W. 


Longitude in . . • 15 51 W. 


CASE VII. 


One Latitude, Distance, and Departure given, to find the Course, 
difference of Latitude, and difference of Longitude . 

Example. A Ship from Latitude 54° N. and Longitude S3°20' W. 
sails 350 miles between the North and East until she has made 220 
miles of Departure: required the Course steered, and her present 
Latitude ana Longitude. 

7 BY CONSTRUCTION. d 


Draw the line ad and make ae perpendicular 
to it and equal to the Departure 220; through 
E draw ec parallel to ad, and, with the Distance 
350 in the Compasses, set one foot in a, and let 
the other cross cb in c; join ac, and draw bc 
parallel to ae; then die Course bac will measure 
38 0 5T, and the difference of Latitude ad 272.2; 
hence the Latitude in will be 58° 32', and the mid. 
Lat. 56° Iff. 

Make the Angle bcd equal to 56° l6' f and 
the difference of Longitude dc will measure 306.2. 
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BY CALCULATION. 


To find the Course. 

As the Distance 350 2.5440 J 
Is to Radius . . 10.00000 

So is Departure 220 2.34242 


To find the diff. of Latitude. 

As Radius • 10.00000 

Is to Distance 350 2.54407 

So isCo.SineCour9e38°57 / 9 • 89081 


12.34242 ' 12.43488 

2.54407 10.00000 


To Sine of Course 38° 57' 9 .79835 

Latitude left 54° O'N. 

Diff. of Lat. 272m. or 4 32 N. 

Latitude in • 58 32 N. 

Sum of Latitudes 112 32 

Mid. Latitude 56 l6 

90 00 


To the diff. of Lat. 272.2 2.43488 

To find the diff of Longitude. 

As Co. Sine Mid. Lat. 56° 1(7 9*74455 
Is to Departure 220 2.34242 

So is Radius . 10.00000 


12.34242 

9.74455 


To diff. of Long. 396.2 2.59787 


Co. Mid. Lat. 33 44 

Longitude left . . 33° 20 r W. 

Difference of Longitude 396 miles* or 6 36 E. 

Longitude in • . 26 44 W. 


CASE VIII. 

One Latitude , Departure , and difference of Longitude given , to find 
the other Latitude , Course , and Distance # . 

Example. A Ship from Latitude 36° 32' N. sails between the 
South and West until she has made 480 miles of Departure, and 
562 miles of difference of Longitude: required her present Latitude, 
Course steered, and Distance run. 

A 

BY CONSTRUCTION. 

Having drawn the line ad, make bc per¬ 
pendicular to it, and equal to the Departure 
480; draw cd equal to the difference of Longi¬ 
tude 562, meeting ad in d ; then, the Middle 
Latitude bcd will measure 31° 2(7; hence the 
Latitude in is 26 ° 8', and the difference of 
Latitude 624; now make ab eoual to 624, and 
join ac, which will measure the Distance 787.2, 
and the Course cab will be 37° S4 # . 

D 



• This Csss ctanoibe solved by Merestor’s Staling. 

O 2 
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mkrcatok’s sailing 


BY , CALCULATION. 


To find the.Middle Latitude 


As diff. of Long. 562 2.74974 
Is to Radius . 10.00000 

So is Departure 4S0 2.68124 

12.68124 

2.74974 

ToCo.SineMid.Lat.31 o 20' 9-93150 


Middle Latitude 

Double Mid. Lat. 
Latitude left 

Latitude in f 

Diff. of Lat. 


31° 20' 

2 

62 40 
36 32 N. 

26 ~8 N. 

10 24=6?4m. 


To find the Course. To find the Distance. 


As diff. of Lat. 

624 

2.79518 

As Radius 

10.00000 

Is to Radius 


10.00000 

Is to diff. of Lat. 624 

2.79518 

So is Departure 

480 

2.68124 

So is See.Course 37°34' 

10.j0092 

, 


12.68124 


12.89610 



2.7.0518 


lO.QOOOO 

To Tang. Course 37 

°?4' 

9.9SOO6 

To the Distance 787»? 

2.896IO 


MERCATOR’? SAILING, 


Mercator^ SAILING is the Art of finding on a plane 

surface, the motion of a Ship upon ^ny assigned Course of the 
Compass, which shall be true in Latitude, Longitude, and Distance 
sailed. This Method is derived from the projection of Mercator’s 
Chart, in which the degrees of Longitude are every where equal, 
the degrees of Latitude increase towards the Poles, and the 
Parallels, Meridians, and Rhumb-lines, are all represented by strait 
lines. 

Charts, in which the degrees of Longitude and Latitude are every 
equal, are termed Plane Charts; these, it must appear obvious 
from what has been said in Parallel and Middle Latitude Sailing, 
are constructed on errroneous principles; and it also evident that 
their error must increase in proportion as the places are more remote 
from the £quator; but the great inconvenience of using curved lines 
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Mercator’s sailing. 

oo a plane surface, induced Mariners, notwithstanding their incorrect¬ 
ness, to use the Plane Charts, till Mr. Gernird Mercator, about the 
year 1556, published a Chart, in which he continued the Meridians all 
parallel to each other, thereby extending the degrees of Longitude 
beyond their proper length; but, in order to compensate for this ex¬ 
pansion of the degrees of Longitude,he enlarged the meridional lines, 
that is, increased the Distance between the Parallels, so that the pro¬ 
portion between a degree of Latitude and Longitude might be every 
where preserved on the Chart, at the same time that the Meridians, 
Parallels, and Rhumbs, would be all projected into strait lines; 
whence a Chart thus constructed has obtained the name of 
Mercator’s Chart; it does not, however, appear that Mercator 
understood the true principles of this projection, as he did not en¬ 
large the meridional degrees in their just proportion. 

In the year 1599, Mr. Edward Wright, of Caius College, 
Cambridge, published the true principles of Mercator’s Chart, in a 
Work entitled, (i The Correction of certain Errors in Navigation, n 
where he shewed, by a Table of Meridional Parts , the length 
of the enlarged Meridian in miles of the Equator to every minute of 
Latitude, and which he constructed according to the following 
principles. 

It has been already demonstrated in Parallel Sailing, that the 
length of any portion of a Parallel, is to a similar portion of the 
Equator as the Co. Sine of the Latitude is to Radius; but the Me¬ 
ridians and Equator being equal on the Globe, therefore the length 
of any portion of a Parallel is to a similar portion of a Meridian 
as Co. Sine of the Latitude is to Radius, or, which is the same 
thing, as Radius is to the Secaut of the Latitude: now, if the 
Meridians are made parallel to each other, the length of a degree 
or minute of Longitude will remain the same in every Latitude as 
at the Equator, by which they will be enlarged beyond their proper 
length in the ratio of Radius to Secant of the Latitude; therefore, 
the length of the meridional degrees or minutes must be likewise 
increased in the same proportion. Hence the length of the first 
minute or mile of Latitude from the Equator will be represented by 
the Secant of 1' (the length of a mile on the Equator being Radius) 
the second mile by the Secant of 2', the third mile by the Secant 
of 3 # , &c. consequently the length of the Meridional line to any 
Latitude will be equal to the sum of the Secants of all the inter¬ 
mediate miles between the Equator and the given Latitude. 

This method of constructing Meridional Parts is not strictly ac¬ 
curate, because the Secants should be taken to every point of 
Latitude; but as the Tables of Meridional Parts are seldom carried 
to decimals, the error is of no consequence in any navigable Lati¬ 
tude; however, more accurate and expeditious methods have been 
since invented for the same purpose. 

To find the length of the expanded Meridian, or, as it is called, 
the meridional deference of Latitude, the same Rules are to be 
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observed as in finding the true or proper difference of Latitude; 
that ta, if the Latitudes are of the same name, the difference of 
their corresponding Meridional Parts (taken from Table III.;) but if 
the Latitudes are of contrary names, the sum of those parts, will be 
the meridional difference of Latitude. 

From the principles of Mercator’s Chart it is proved, that if ab 
(see the Figure in Case I.) represent the true or proper difference of 
Latitude between two places, the Angle bac the Course, ac the true 
Distance, bc the Departure, as in Plane Sailing; and if we produce 
ab to D till it is equal to the enlarged or meridional difference of 
Latitude, and draw de parallel to bc ; then will de represent the 
difference of Longitude: now the Triangles abc and ade are 
similar, the Angle a being common to both, and the sides bc and 
de parallel; therefore, as ab : bc : : ad : de, that is, as the proper 
difference of Latitude is to the Departure, so is the meridional 
difference of Latitude to the difference of Longitude; hence, like¬ 
wise, in the Triangle ade, making ad Radius, we have, as Radius 
: ad : : Tang. Angle a : ed; that is, as Radius is to mer. diff. of 
Latitude, so is Tangent of the Course to the difference of Longitude; 
Or, making ae Radius, as Co. Sine Angle a : ad :: Sine Angle a 
: ed; that is, as Co. Sine of the Course is to mer diff. of Latitude, 
so is Sine of the Course to the diff. of Longitude; which propor- 
porlions, with others derived from these Triangles, will resolve all 
the Cases in Mercator’s Sailing. 

In the following Cases, except the eighth, the same Examples are 
introduced as in Middle Latitude Sailing, in order that a comparison 
may be made between the two Methods. 

CASE I. 

The Latitudes and Longitudes of two places given , to find the Course 
and Distance between them . 

Example. Required the Course and Distance from Cape St. Vin¬ 
cent in Latitude 37° 1 # N. and Longitude 9° 2' W. to Funchal, in 
Madeira, in Latitude 32° 37' N. and Longitude 17° 5' W. 

Lat Cape St.Vincent 37° l'N. Mer.Parts 2394 Long.C. St.Vinc. 5° 2'W. 
Lat. Funchal . 32 37 N. Mer.Parts 2072 Long. Funchal 17 5VV. 

Diff. of Latitude 4 24 Mer. diff. Lat. 322 Diff. of Long. S 3 

60 60 

In miles 264 In miles 483 
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BY CONSTRUCTION. 

Draw the line, ad to represent the 
Meridian of Cape St. Vincent, upon 
which layoff the meridional difference of 
Latitude 322; on D erect the Perpendi¬ 
cular bb (Prob. II. or XII. Geom.,) make 
it equal to the difference of Longi¬ 
tude 483, and draw the line ae ; from 
A to b lay off the proper difference of 
Latitude 264, and through b draw bg 
parallel to db; then will the Angle bad he the Course, measuring 
56° 19'or 5 Points, and ac the Distance 476 . 

BY CALCULATION. 

To find the Course, To find the Distance. 

As Mer. diff. of Lat. 322 2.50786 As Radius . 10.00000 

Is to Radius . 10.00000 Is to prop. diff. Lat 264 2.42160 

So is diff. of Long. 483 2.68395 So is Sec. Course 56° 1 9' 10.25602 

12.68395 12.67762 

2.50786 10.00000 

To Tang. Course 56° 19* 10.17609 To the Distance 476 2.67762 

Hence the direct Course from Cape St. Vincent to Funchal is 
S. 56° 19' W. or S. W. b. W. and the Distance 476 miles. 

BY INSPECTION. 

Seek in the Tables for half the merid. diff. of Lat. l6l and half 
the diff. of Longitude 241.5 till they are found against each other 
in the Lat. and Dep. columns; the nearest to these are 161.1 and 
241.1 in that page marked 5 Points at the bottom, which is the 
Course; over that Course, and opposite half the proper diff. of 
Latitude 132 in its column, is found, in the Dist. column, 238, 
which, multiplied by 2, gives the Distance required, 476. 

BY THE COMMON GUNTER. 

Extend from the mer. diff. of Lat. 322 to the diff. of Long. 48$ 
on the line of Numbers; that extent will reach from 45° to the 
Course 56 ° 19 ' on the line of Tangents. 

Extend from the Complement of the Course S3 0 41' to 90° on the 
line of Sines; that extent will reach from the proper diff. of Lat. 
264 to the Distance 476 on the line of Numbers. 


A 



BY THE SLIDING GUNTER. 


Set the mer. diff. of Lat. 322 on the sliding line of Numbers, 
im the diff. of Long. 483 on the fixed line of Numbers; then, 
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opposite 45° on one of the lines of Tangents will be the Course 
5f>° 19 ' on the corresponding line of Tangents. 

Set the Complement of the Course 33° 41' on the sliding line of 
Sines to 90 ° on the fixed line of Sines ; then, opposite the proper 
diff. of Lat. on the sliding line of Numbers will be the 
Distance 476 on the fixed line of Numbers. 

CASE II. 

One Latitude , Course , and Distance given , to find the difference of 
Latitude and difference of Longitude . 

Example. A Ship from Latitude 52° 6'N. and Longitude 35°6'W. 
sails N. W. b. W. 229 miles: required her present Latitude and 
Longitude. 

BY CONSTRUCTION. 

Draw the line ad and make the 
Angle dab equal to the Course 5 
Points; from A to c lay off the 
Distance 229, and from c draw cb 
perpendicular to ad; then will ab 
measure the diff. of Latitude 127: 
hence the Latitude come to is 
54° 13', and the mer. diff. of Lati¬ 
tude 2 12; make ad equal to 212, 
and draw de parallel to bc ; then 
will the difference of Longitude de measure 317.3* 

BY CALCULATION. 

To find the diff. of Latitude. 

As Radius . . 10.00000 

Is to Distance 229 2.35984 

So is Co. Sine Cou. 5 Pis. 9*74474 


12.10458 

10.00000 

To the diff. of Lat. 127.2 2.10458 

To find the diff. of Longitude. 

As Radius . 10.00000 

Is to Mer. diff. Lat. 212 2.32634 
So is Tang. Course 5 Pts. 10.17511 

12.50145 

10.00000 

To diff. of Long. 317*3 2.50145 


Longitude left . 35° 6' \V. 

Diff. of Long. 317m. or 5 17 W. 

Longitude in • 40 23 W. 


Lat. left 52° 6'N. Mer. Pts. 3675 
Diff. of Lat. 2 7 N. 


Lat. in 54 13 N. Mer. Pts. 3S87 


Mer. diff. of Lat. 212 


E Piff I Lon$. D 
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3. Suppose a Ship from Latitude 9* 10'N. and Long, ig* 32 # W. 
sails between the Sooth and East, till she has made 415 miles of 
Departure, and is by observation in 2° 19 * S.: required her Course 
steered. Distance run,, and Longitude in. 

Ans r . By Middle Latitude, or Mercator’s Sailing, her Coarse 
steered is S. 31° 4' E. Distance run 804.3, and Long, in 12° 36' W. 

4. A Ship from Latitude 46° 35' N. and Longitude 176° 42' W. 
sails N. W. b. VV. } VV. till she arrives in Latitude 51° 18' N.: re¬ 
quired her Distance run, and Longitude in. 

Ans r . By Middle Latitude her Distance run is 600.3 miles, and 
Longitude in 1 6g° 52' E. 

By M creator’s Sailing her Distance run is 600.3, and Lon- 
gitude in 169° 50* E. 

OF COMPOUND COURSES. 

To find the difference of Longitude made good upon compound 
Courses , by Middle Latitude and Mercator y s Sailing . 

In the preceding Cases, both of Middle Latitude and Mercator’s 
Sailing, we have always supposed the Ship to sail on a direct Course, 
but when she makes a compound Course, the several Courses are to 
be reduced Into a single Course, as in Traverse Sailing, and then the 
difference of Longitude may be found either by Middle Latitude 6r 
Mercator’s Sailing, as will appear by the following Example. 

Suppose a Ship from Latitude 52°36'N. and Longitude 21° 45'W. 
sails N. E. 36 miles, N. b. W. 14 miles, N. E. b. E. * E. 59 miles, 
N. b. E. 42 miles, and E. N. E. 29 miles: required her present La¬ 
titude and Longitude. 


Courses. 

Dist. 

DiC of Lat. 

Departure. 

N. 

s. 

E. 

w. 

N. E. 

N. b. W. 

N. E. b. E. § E. 

, N. b. E. 

1 E. N. E. 

36 

14 

58 

42 

29 

DiC of Lat. 

25.5 

13.7 

27.3 

41.2 

1 11.1 

1 


2.7 

118.8 

111.7 

3.7 

csss 


The difference of Latitude 118.8 and Departure 109.0, give the 
Course N. 42 ^ 32 ^., and Distance 161.2 by CaseVl. of Plane Saiting. 
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Latitude left 52° 36'N. Mer. Pts. 3724 Long, left 21° 45"W. 

Diff. of Lat. 1 19, or 1 59 N. D. Long. 184, or 3 4 E. 

Latitude in . 54 35 N. Mer. Pts. 3925 Long, in . 18 41 W. 

Stun of Lats. 2)107 11 Mer.diff.Lat. 201 

Mid. Latitude 53 35 


To find the difference of Longitude. 

By Middle Latitude. By Mercator. 


AsCo.SineMid. Lat. 53° 35' 9-77353 
Is to Departure 109 2.03743 

So is Radius . 10.00000 


12.03743 

9-77353 

To the diff. of Long. 183.6 2.26390 


As Co. Sine Course 42 a $2' 9 • 86740 
Is to mer. diff. Lat. 201 2.30320 

So is Sine Course 42° 32' 9-82996 

12.13316 

9.86740 

To the diff. of Long. 184.4 2.26576 


BY INSPECTION. 

The Co. Mid. Latitude being about 36 £°, first look for S6° as a 
Course, and for the Departure 109 in one of the Dep. columns, 
against the nearest to which is 186 in a Dist. column; tnen look for 
the Departure 109 in the page with 37° at the top, opposite which 
stands 181 in a Dist. column; the sum of this and 186 is 367, the 
half of which is 183.5, the difference of Longitude by Middle Lat. 
Sailing: or, the Course being 42*®, look in the pages with 42* and 
43° at the top for the mer. diff. of Latitude 201 in a Lat. column, 
against the nearest to which will be 181.3 and 187.5 in the cor¬ 
responding Dep. columns; the sum of these is 368.8, half of which 
is 184.4, the difference of Longitude by Mercator’s Sailing. 

The above Method is that generally practised at Sea in estimating 
the difference of Longitude made good in a day’s run, being con¬ 
sidered sufficiently exact for the Distance sailed by a Ship in that 
time; but when the Distances are considerable, especially in high 
Latitudes, it is more accurate to estimate the difference of Longitude 
made upon each Course and Distance, according to the following 
Rules. 

I. By Middle Latitude. To theTraverse Table annex aLongitude 
Table divided into six columns; the first is to contain the Latitude 
left and the several Latitudes the Ship is in at the end of each Course 
and Distance, estimated by the Latitudes left and differences of Lati¬ 
tude in the Traverse Table; the second, the suras of each following 
pair of Latitudes ; the third, half the sums or Middle Latitudes; the 
fourth, the Complements of the Middle Latitude ; and the fifth and 
sixth columns are to contain the differences of Longitude. Having 
found the Co. Mid. Latitudes, with these and their corresponding 
Departures in the Traverse Table, find the differences of Longitude, 
and place them in the East or West columns, according to the name 
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of the Departure ; then the difference of the sums of these columns 
will be the difference of Longitude made good, of the same name 
with the greater. . - . 

H. By Mercator . To the Traverse Table annex a Longitude 
Table consisting of five columns; the first is to contain the Latitude 
left and the Latitudes of the Ship at the end of each Course and 
Distance; the second, the meridional parts corresponding to each 
Latitude; the third, the meridional differences of Latitude; and the 
fourth and fifth, the differences of Longitude. 

Having found the meridional differences of Latitude, with these 
and the Courses in the Traverse Table, find the corresponding 
differences of Longitude, which place in the East or West columns, 
according as the Course is easterly or westerly; then the difference 
between the sums of these columns will be the difference of Longi¬ 
tude made good upon the whole Traverse, of the same name with 
the greater. 

Note. When the Course is North or South there is no difference 
of Longitude, and when it is East or West, the difference of Longi¬ 
tude must be found ns in Case LI. of Parallel Sailing. 

The differences of Longitude may be found by any of the Methods 
given in the Sailings, but in the following Example we have used 
Inspection only. 

EXAMPLE, 

A Ship from Hangcliff in Latitude 60°9'N. and Longitude 0°56 / W. 
sailed as follows, viz.: N.E. b. N. 69 miles, N.N.E. 48 miles; 
N. b. W. f W. 78 miles, N.E. 108 miles; and S.E. b. E. 50 miles: 
required her Latitude and Longitude in. 

BY MIDDLE LATITUDE. 


| TRAVERSE TABLE. 

H 

LONGITUDE TABLE 

. 


Courses. 

Dist. 

Dift. 

Lat. 

Departure. 

Lots. 

Sums. 

Mid. 

Co. Mid. 

Diff.Lon.l 

N. 

S. 

£. 

W. 

Lata. 

Lats. 

m 

m 







6o° 9' 

0 § 

0 / 

0 1 




69 

57-4 


38-3 


61 6 

121 15 

6° 37 

19 23 

7 f 



48 

44-4 


18.4 


61 50 

122 56 

6t 28 

28 32 

38 


N. b.W.*W. 

78 

74.6 



22.6 

63 s 

55 

62 27 

47 33 


49 

N.E. 

108 

76.4 


764 


64 21 

127 26 

63 43 

26 17 

174 


S.E. b.E. 

50 


27.8 

41.6 


63 53 

128 14 

64 7 

25 53 

95 




252.8 


174*7 


Lone, left 

• 


56W. 

38s 

49 



27.8 


22.6 


Dift of Long. 336, or 5 

56 E. 

49 










■ ■ ■ ■ ■■ ■ 




225.0 


X 52 .I 


Long, in 

• 

4 

40 E. 336 


1 Course N. 34* E. and Dist. 272 miles. | 





— 

— 


Q* 
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BY MERCATOR. 


TRAVERSE TABLE j| 


LONGITUDE TABI 

.K. 

1 

Course*. 


Diff. 

Lat. 

plfflfj 

ture.J 

_ 

_ 1 

Mer. 

Mer. 

Difl. Long ] 

Dist* 

~wr 

“ST 

ST 

m 

UllB. 

Parts. 

0 . LMs. 

E. 

w 


*9 





60* 

9 * 

4545 


78-3 


N.E. b. N. 

S 7-4 


38.3 


61 

6 

4662 

ll 7 


N.N.E. 


44.4 


18.4 


61 

5 ° 

4754 

92 

3«-3 


N.b.W.iW. 

78 

74.6 


76.4 

22.6 

6 3 

5 

4910 

162 


49*1 

N.E. 

108 

76.4 



64 

21 

5088 

172 

172.0 


$.E,b. E. 

i° 



41.6 


63 

33 

5023 

65 

97-3 


I 


252.8 


* 74-7 


Long. 

left 

. 0 

56'w. 

3 * 5-9 




* 7-8 


ai.o 


Long. 337, or 

37 E. 

49.1 




*25. c 

» 

IS*-* 



Long, in 4 

41 E. 

336.8 


Course N. 

34 ° E. 

and I 

list. 2 









The Longitude of the Ship, according to the first Method, is 
4° 2a' E. by Middle Latitude, and 4° lib' by Mercator’s Sailing, 
differing from these 12 and 15 miles; but as we have already observed* 
it is seldom necessary to use the latter Methods at Sea. 


OBLIQUE SAILING. 


Oblique SAILING is the application of oblique-angled plane 
Triangles to various Cases at Sea; as in coasting along Shores, 
approaching or leaving the Land, surveying Coasts and Har¬ 
bours, 8vc. 

In this kind of Sailing, to set an object , means to observe what 
rhumb or point of the Compass i$ directed to it, and the bearing 
pf an Object is the rhumb on which it is seen ; also the bearing of 
poe place from another is reckoned by the name of the rhumb 

f massing through those two places; hence the bearing of two places 
rom each other are upon opposite points of the Compass; thus, 
if qne place bears E.N.E. from another, the latter will bear W.S.W. 
from the former, being in the same line, but in opposite directions. 

A great variety of Examples might be given in this Sailing, 
f>ut. as they would rather tend to exercise the Learner in Trigono¬ 
metry than answer any direct purpose, we shall select those only 
that appear to be useful in practise. 


Digitized by CjOOQle 
















09LIQCB SAILING* 


U7 


EXAMPLE I. 

Sailing down the Channel, I observed the Eddystone bear 
N.W. b. N.; and after sailing W.S.W. 18 miles, I found it bore 
from me N. b. E.: required the Distance of the Ship from the 
Eddystone at both stations. 


BY CONSTRUCTION. 


Describe the Circle N.W.S.E. CAv™ lysfame. 

to represent the Compass, and 
draw the Diameters W.E. and N.S. 
at right Angles to each other; 
draw the N.W. b. N., W.S.W., 
and N. b. E. Rhumb lines, and 
on the W.S.W. line lay ofF J8 
from a to b, taken from any Scale 
of Equal Parts ,• through b draw 
bc parallel to the N. b. E. line, 
meeting the N.W. b. N. line ac 
in c ; then will a represent the 
place of the Ship at her first 
station, b her place at the second 
station, and c the place of the Eddystone; ac will be the Ship’s 
Distance from the Eddystone at tne first station, measuring £1 
miles, and bc the Distance at the second station, measuring 25 
miles. 



BY CALCULATION. 


In the Triangle abc are given the Side ab 18 miles, the Angle 
cab equal to 7 Points, the measure of the Arch contained between 
the N.W. b. N. and the W.S.W. lines; the Angle abc equal to 5 
Points, the interval between the N. b. E. and the E.N.E. line, 
(being the opposite to the W.S.W. Rhumb,) and the Angle bca 
equal to 4 Points, the interval between theS. b. W. andtheS.E. b.S # 
lines; to find the Sides ac and bc. 


To find the Side ac. 

As Sine of Angle c 4 Pts. 9-84949 
Is to the Side a b 18 1.25527 

So is Sine Angle B 5 Pts. 9-91985 

11.17512 
9-84949 

To the Side ac 21.17 1.32 563 


To find the Side bc. 

As Sine of Angle c 4 Pts! 9-84949 
Is to the Side ab 18 1.25527 

So is Sine Angle a 7 Pis. 9 99157 

11.24684 
9-84949 

To the Side bc 24.97 1.39735 


Hence the Distance of the Eddystone from the Ship’s first station 
is 21 miles, and from the second station 25 miles nearly. 
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OBLIQUE SAILING. 

EXAMPLE II. 


Coasting along shore I observed two Capes, the first bore N. b. E. 
and at the same time the second bore N.E. J E.; now, by the 
Chart, these Capes bear from each other N.W. | W. and S.E. $ E. 
(by Compass) distant 21 miles: required my Distance from both 
places at that time. 


BY CONSTRUCTION. 


Having drawn the Com¬ 
pass N.W.S.E., the center of 
which isto represent theShip's 
place, draw the N. b. E. and 
N.E. J E. Rhumb-lines ab, 
and ac, being the bearings 
of the Capes from the Ship; 
draw likewise the N.W. \ YV. 
and S.E. J E. line, the bearing 
of the Capes from each other, 
on which from a to d lay off 
21 miles, the Distance between 
the Capes; through D draw 
dc parallel to the N. b. E. 
line, and through c draw cb 
parallel to the N.W. \ YV. and 
S.E. i E. line; then b will 





i A 

\ * 

V1 

\ / 




s i> 

represent the place of the first Cape, c the second Cape, ab the Dis¬ 
tance of the first Cape from the Ship, measuring 31 miles, and ac 
the Distance of the second Cape, measuring 27 miles. 


BY CALCULATION. 

In the Triangle abc are given the Angle bac SJ Points, the 
Arch between the N. b. E. and N.E. | E. lines; the Angle abc 5\ 
Points, the interval between the S. b. YY r . and S.E. £ E. lines; and 
the Angle acb 7 Points, the interval between the N.YV. J YV. and 
S.W. i \V . lines; and the Side bc 21 miles; to find the Sides ab 
and ac. 


To find the Side ab. 


As Sine Angle a 3£ Pts. 
Is to Side bc 21 
So is Sine Angle c 7 Pts. 


9.82708 

1.32222 

9.99157 

11.31379 
9-82708 


To find the Side ac. 

As Sine Angle a 3£ Pts. 9.82708 
Is to Side bc 21 1.32222 

So is Sine Angle b 5J Pts. 9-98335 


11.25557 
9-82708 


To the Side ab 30.67 1.486'71 To the Side ac 26.82 1.42849 

Hence the Distance of the Ship from the first Cape is 31 miles, 
and from the second Cape 27 miles nearly. 
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EXAMPLE III. 

Being close in with Dungeness I ran 27 miles on a direct Course 
to the westward, and then found Beachy Head bear N.N.W.; now 
the bearing of Beachy Head from Dungeness (by Compass) is 
W. J N. and the Distance 29 miles : required the Course steered, 
and the Distance of the Ship from Beachy Head. 


BY CONSTRUCTION. 

Describe a Circle and N 

divide it into 4 equal 

S arts by the Diameters 
f.S. and W.E., the ex¬ 
tremes of which will re¬ 
present the cardinal Pts. 
of the Compass; and the 
center of the Circle, the 
place the Ship sailed from 
(Dungeness;) draw the 
W. I N. line ab equal to 
29 miles, then will b 
represent the place of 
Beachy Head : through b draw bc parallel to the N.N.W.line, and 
with the Distance ntn, 27 miles, in the Compasses, set one foot in 
a, and with the other describe an Arch cutting bc in c, and draw the 
line bc : then will c represent the Ship’s place, bc the Distance of 
the Ship from Beachy Head, measuring 19 miles, and the Angle sac 
the Course steered from the South, measuring 53°39 # * 



BY CALCULATION. 

In the Triangle abc are given the Side ab equal to 29 miles; the 
Side ac 27 miles; and the Angle abc5£ Points, the interval between 
E. i S. and S.S.E.; to find the Angle bac, and the Side bc. 


To find the Angle bac. 

As the Side ac 27 1.43136 

Is to Sine of Angle abc 5$ Pts. 9«956l6 
So is the Side ab 29 1.46240 

11.41856 

1.43136 

To Sine of Angle bca 76° 9 ' 9.98720 


Angle bca . 76° 9* 

Ang. abc 5| Pts. or 64 41 

Sum 140 50 
180 00 


Angle bac . 39 10 


To find the Side bc. 
As Sine of Angle abc 5£ Points 
Is to the Side ac 27 

So is Sine of Angle bac 39° 10* _ 


ij.86 - 
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9.95616 

1.43136 

9.80043 

11.23179 

9.95616 

1.27563 


To (he Sid. ac 
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Now the bearing of a b, which is W. J N.or W. 2° 49'N., subtracted 
from the Angle bac 39° 10 ', gives the bearing of ac W. 36° 21 '8.; 
hence the Course steered is S. 53° 39' W. or $,W. | W., and the 
Distance of the Ship from Beachy Head is 10 miles. 

EXAMPLE IV. 

At noon St. Alban’s Head bore N. 20° E. and Portland Lights 
N. 20° W., and running N.W. at the rate of 7 knots an hour, at 
2 P.M. St. Albans Head bore N. 72° E. and Portland Lights 
N. 9° E.: required the bearing and distance of Portland Lights 
from St. Alban’s Head. 


BY CONSTRUCTION. 


Draw the Compass as be¬ 
fore, and let the center a re¬ 
present the first station, from 
which draw the first bearing AC' 
N. 29° E., and the second 
bearing ad N. 20° W., also, 
draw the N.W. line ab equal 
to f4 miles, the Distance 
run in 2 hours; then will 0 
represent the second station; 
through b draw BC parallel to 
N. 72° E. and bd parallel to 
N. 9° E., meeting the lines ac 
and ad in c and n, and join 
lie; then will c represent St. 
Alban’s Head, n Portland 
Lights, and dc their Distance, 
measuring miles, the bearing 
W.N.W. $ W. 



BY CALCULATION. 

In the Triangle abc are given the Side ab 14 miles, the Angle 
acb equal to 43°, the interval between S. 72° W. and S. 29° W.; 
and the Angle abc equal to 63°, the interval between N. 72° E., or 
E. 18° N., and S E., or E. 46°'S.; to find the Side ac. 


As Sine of Angle acb 43° 
Is to the Side ab 14 

8 o<ie Sine of Angle a bo 63° 


To the Side ac . 18.29 


9.83378 

1.14613 

9-94988 

11.09601 

9.83378 

1.26223 
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In the Triangle abb are given the Side ab 14 miles; the Angle 
adb equal to 29°, the interval between S. 20° E. and S. 9° W.; the 
Angle abd equal to 126°, the interval between N. 9° E., or E. 81° N., 
and S.E. or S. 45° E.; to find the Side ad. 


As Sine of Angle adb 

29° 

9.68557 

Is to the Side ab 

14m. 

1.14613 

So is Sine of Angle abd 

126 ° 

9.90796 



11.05409 

9.68557 

To the Side ad 23.36 

1.36852 


In the Triangle aco are given the Side ac 18.29; the Side ad 
23.36; and the included Angle cad equal to 49°, the interval be¬ 
tween N. 29° E. and N. 20° W.; to find the Angle aco, and the 


Side cd. 


To find the Angle acd. 



Side ad 

23.36 

As Sum of the Sides ac, ad 41.65 

1.61962 

Side ac 

18.29 

Is to their difference 

. 5.07 

0.70501 

Sum 
Diff. . 

41.65 

5.07 

So is Tang, of £ the Sum 
of Angles adc, dca 

J 65° 3(7 10.34130 


Angle cad 

Sum of ADC & DC A 
Half 


11.04631 

1.61962 


180° 

49 

— To Tang, of half their diff. 14 57 9 42669 
131 ■ » - 

65 30' Sum gives the Ang. acd 80 27 


To find the Side cd. 

As Sine of Angle acd 80° 27* 9-99394 

Is to the Side ad 23.S6 1.36847 

So is Sine of Angle cad 49° 9.87778 

11.24625 

9.99394 

To the Side cd 17.88 1.25231 

Now the Angle acd 80° 27' added to 29°, the bearing of Ac from 
the South, gives the bearing of cd, S. 109° 27' W. which subtracted 
from 180° leaves the bearing N. 70° 33' W. or W.N.W. \ W. nearly. 
Hence the bearing of Portland Ught9 from St. Alban’s Head is 
W.N.W. I W. (by Compass) and the Distance l'8 miles nearly. 

Note. In this manner the mutual bearings and Distances of any 
number of Points may be ascertained; but in practice it is more 
expeditious, and in general sufficiently exact, to construct the 
Figure on a proper Scale and then measure off the several parts. 

R 
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CURRENT SAILING. 


V^URRENT SAILING is the method of determining the true 
Course and Distance of a Ship when her own motion is affected and 
combined with that of a Current. 

A Current is a progressive motion of the Water, causing all 
floating bodies to move that way towards which the stream is 
directed. The setting of a current is that point of the Compass 
towards which the VVater runs, and its drift is the rate at which it 
runs per hour, or in any other given time. 

The most usual method of ascertaining the set and drift of an 
unknown Current is to take a boat, in calm weather, a small dis¬ 
tance from the Ship, and, being provided with a half-minute glass, 
log, a heavy iron pot or loaded kettle, and a small boat compass, to 
let down the pot or kettle by a rope fastened to the boat’s stern, to 
the depth of about 100 fathoms, by which the boat will remain 
nearly as steady as at anchor; then the Log being hove, its bearing 
will be the setting of the Current, and the number of knots run 
out in half a minute will be its drift per hour. 

The Current being known, it remains to apply its effects on a 
Ship’s way, which will depend on the direction and velocity of both 
with regard to each other. If a Ship sail in the direction of the 
Current, it is evident that the velocity of the Current must be 
added to that of the vessel: if her Course be directly against the 
Current their difference will be the Ship’s true velocity; but if a 
Ship’s Course be oblique to the Current, her direction by the com¬ 
pass will be compounded with that of the Current; that is, she will 
proceed in the diagonal of the parallelogram formed according to 
the two lines of direction, and will describe or pass over that 
diagonal in the same rime in which she would have described either 
of the Sides by the separate velocities. For let abcd be a parallelo- 

§ ram, the diagonal of which is ad. Now if the Wind alone would 
rive the Ship from a to b in the same a b 

time the Current alone would drive it 
from a to c, then as the Wind neither 
helps nor hinders the Ship from coming 
towards the line CD, the Current will 
bring it there in the same time as if the 
Wind did not act; and as the Current 
neither helps nor hinders the Ship from 
coining towards the line bd, the Wind 
will bring it there in the same time as if 
the Current did not act* Therefore the 
Ship must, at the end of that time, he 
found in both those lines; that is, in c 
their meeting d : consequently, the Ship 
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must have passed from a to d in the diagonal line ad. Hence the 
Ship’s true Distance will be the third Side of a Triangle, whereof the 
other Sides are the Distance by the Log and the drift of the Current, 
and the true Course will be the Angle between that third Side and 
the Meridian. 


EXAMPLE I. 


A Ship sails N.W. Go miles, in a Current that sets $.S.W. 25 
miles in the same time: required her Course and Distance made 
good. 

BY CONSTRUCTION. 


Having drawn the Compass, 
set off 4 points from the north 
towards the west, find draw the 
N.W. line ab, which make 
equal to 60 miles, the Distance 
run by the Log; thro’ b draw 
bc parallel to the S.S.W. and 
and N.N.E. line, and equal to 
25 miles, the set and drift of 
the Current; now ac being 
joined will be the true Distance) 
measuring 55.48 miles, and the 
Angle nac the true Course 
N. 69° 3& W. 


B 



BY CALCULATION. 

In the Triangle abc are given the Side ab 60, the Side bc 25, 
and the included Angle abc 6 points, or 67° 30', to find the Angle 
bac and the Side ac. 


To find the Angle bac. 


Side ab 

60 

Side bc 

25 

Sum 

85 

Diff. . 

35 


180° 00' 
Angle B 67 30 

SumofAng a&c 112 30 
Half . . 56 15 


As the Sum of ab, bc 

Is to their difference 

85 

1.92942 

. 35 

1.54407 

So is Tang, half Sum 7 
of Angles a and c J 

56° 15' 

10.17511 

To Tang, of half the diff. 

31 39 

11.71918 

1.92942 

9-78976 

Diff. gives Angle bac 

24 36 


Angle nab 

45 0 


Sum gives the Angle vac 

69 3 6 



R2 
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To find the Side ac. 


As Sine of Angle a 

24° S6' 

9.61939 

Is to the Side bc 

25m. 

1.3979+. 

So is Sine of Ang. b 

67° 30' 

9.96562 

11.36356 



9-61939 

To the Side ac 

55.4$ 

1.74417 


Hence the Course made good nac is N. 69 ° 36' W. or 
W.N.W.jW. nearly, and the Distance ac 55 miles and a half. 

But the most usual and the easiest way of allowing for the effects 
of a Current is to consider the setting and drift as a Course and 
Distance, and enter it accordingly in a Traverse Table; then the 
whoje difference of Latitude and Departure will give the true Course 
and Distance. By this method the preceding Example is thus 
worked: 


bourses. 

Dist. 

Diff. of Lat. 

Departure. 

N. 

s. 

E. 

W. 

N.W. 

s.s.w. 

(Current) 

60 

25 

42.4 

23.1 


42.4 

9-6 



23.1 





Diff. of Lat. 

19.3 


Dep. 

52.0 


The (difference of Latitude ad 19.3, and the Departure cn 52, 
;ive thb Course dac, N. 69° 38' W. and the Distance ac 55.46, by 
Jase VI. in Plane Sailing. 


EXAMPLE II. 

V 

Suppose a Ship in 24 hours sails as follows: S.W. 40 miles, 
W.S.W. 27 miles, and S. b. E. 47 miles, being all that time is a 
Current setting 6.E. b. S. at the rate of If mile per hour: required 
her direct Conrse and Distance made good. 
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BY CONSTRUCTION. 

Draw the Compass, and lay off the 
several Courses and Distances as in 
Traverse Sailing; then will d repre¬ 
sent the place of the Ship by the Log: 
from d draw nc parallel totbeS.E.b.S. 
line, and equal to 36 miles, for the 
setting and drift of the Current in 24 
hours ; then will c be the Ship’s true 
place, the Angle cab the true Course 
measuring 11® 50', ac the Distance 
117, ab the difference of Latitude 
114.6, and bc the Departure £4 
miles. 


BY CALCULATION. 



With the several Courses and Distances by the Log, the direct 
Course das and Distance ad may be found; then, in the Triangle 
adc will be given the Angle adc and the Sides ad, dc, to find the 
Angle dac, which subtracted from das will give the true Course 
sac, and the Side ac the true Distance. But the solutiou of this 
Triangle we shall leave to the learner, and work the question by 
allowing for the set and drift of the Current in the Traverse 
Table. 


Courses. 

D'.st 

Diff. of Lat. 

Departure. ' 

N. 

s. 

E. 

w. 

S.W. 

W.S.VV. 

S. b. E. 
S.E.b.S. 
(Current) 

40 

27 

47 

36 1 

' 

Diff. Lat. 

28.3 

10.3 
46.1 
29-9 

9.2 

20.0 

28.3 

24.9 

114.6 

29.2 

Dep. 

53.2 

29.2 

24.0 


The difference of Latitude ab 114.6, and the Departure bc 24.0, 
give the true Course cab-S. 11 # 50' W. of S. b. W. and the Distance 
ac 117.1 miles, by CaseVI. in Plane Sailing. 

Many more Examples might be added, but these are all that are 
necessary to be understood by the practical Seaman. 
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DESCRIPTION and USE o? CHARTS. 


Charts are Marine Maps, representing the whole or a part of 
the surface of the Water and adjoining Coasts, and exhibiting Isles, 
Rocks, Shoals, Banks, Depths of Water, Rhumb-Lines, and what-' 
ever other particulars may serve to direct the Mariner on his voyage, 
or point out the dancers to be avoided : they are principally of two 
kinds. Plant and Mercators . 

Of Plane Charts. 

A Plane Chart is constructed on the supposition that the surface 
of the Earth is an extended plane, the meridians all parallel strait 
lines, and the parallels of Latitude at equal Distances, and conse¬ 
quently that the length of the degrees of Latitude and Longitude 
are every where equal. But as the Earth is spherical, and the 
meridians meet at the poles, it is evident that Charts constructed on 
this principle must be erroneous; for in them the difference of 
Longitude, or distance between two meridians at the Equator is 
considered as the meridian Distance in all Latitudes; hence, the 
position of places laid down on these Charts, according to their 
Latitude and Longitude, will vary more or less from the truth, 
both in bearing and distance; however, where the Chart extends 
hut a few degrees on either side of the Equator, the error will be 
trifling, because near the Equator the meridians are nearly parallel 
to each other ; or if it begins at any considerable distance from the 
Equator and extends only a few degrees of Latitude, the error may, 
in a great measure, be obviated by making the length of the degree 
of Longitude equal to the Co. Sine of the mean Latitude, one 
degree, or 60 miles, being Radius. These Charts, from their erro¬ 
neous principles being of little or np use in the practice of Naviga¬ 
tion, have been totally rejected since the introduction of Mercator’s 
Projection. 

There is however another kind of Plane Charts, called Coasting 
Charts, which are constructed on the assumption that small 
portions of the Earth’s surface are planes ; in these neither Latitude 
or Longitude are, in general, taken into consideration; they are 
usually drawn on a large scale, for the direction of Mariners when 
near the land, and wUl not deviate much from the truth either 
in bearing or distance, when they do not comprehend any great 
extent of coast. 

In these Charts places are laid down according to their bearing 
and distance from each other; the configuration of the coast, ana 
other particulars, are taken from the best surreys, or such infor¬ 
mation as can be most depended upon. 
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Of Mercator’s Charts. 


Mercator’s Charts are constructed on the supposition that the Earth 
is spherical. In these Charts the meridians and parallels are strait 
lines at right Angles to each other, but the distance between the 
parallels are increased towards the Poles in order to compensate for 
the expansion of the meridian Distances, by which indeed those 
countries situated far from the Equator become distorted, or con¬ 
siderably enlarged beyond their proper size, with respect to those 
nearer the Equator; notwithstanding which the bearings and 
distances of places may be easily ana accurately found by these 
Charts. 

The following is the method of constructing a Chart on Mercator’s 
Projection. 

Having first determined the limits of the proposed Chart, that is, 
the number of degrees and minutes it is to contain both of 
Latitude and Longitude, and the degree of each it is to commence 
from, take out the meridional parts from Table III. corresponding 
to each degree of Latitude within the intended limits, and find the 
difference between the meridional parts of each succeeding Latitude; 
but if the scale of the Chart is small, the meridional parts, with 
their differences to every fifth or tenth degree, may be taken. 
Reduce the differences of the meridional parts into degrees by 
dividing them by 60. Draw a line near one of the margins of the 
paper to represent the parallel of the least Latitude, on which lay 
off the proposed number of degrees of Longitude, taken from a 
scale of equal parts, and number them at every fifth or tenth de¬ 
gree; from each end of this parallel draw perpendicular lines for 
the extreme meridians, and make them equal to the difference of 
the meridional parts of the extreme Latitudes, taken from the scale 
of Longitude or graduated parallel; join the ends of these meridians 
by a strait line, which will represent the other extreme parallel, 
and is to be divided in the same manner as the first parallel. 

Take the meridional difference of Latitude between the least La* 
titude and the next fifth or tenth degree of Latitude, from the 
divided parallel, and lay it off from the first parallel on each of the 
extreme meridians. In like manner the meridional difference of 
Latitude between each successive five or ten degrees is to be taken 
from the graduated parallel and laid off and numbered on the meri¬ 
dians; but if the Chart is drawn on a large scale the meridional 
differences of Latitude between each degree is to be laid off. The 
spaces are then to be subdivided into degrees or miles. 

Through each fifth or tenth degree of Latitude and Longitude 
draw meridian and parallels, or through each degree, if the scale 
will permit without crowding the Chart with a'multiplicity of lines. 

The principal points io the Chart are now to be laid down ac¬ 
cording to their respective Latitudes and Longitudes, and connected 
either by observations made on the coast, agreeable to the directions 
given for surveying coasts and harbours, or from the beat Charts. 
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One or more Compasses are to be inserted in the most conve¬ 
nient parts of the Chari, and the Rhumb-Lines extended to “the 
coast; the variation of the Compass is to be set down in places 
where it, is well ascertained; currents are to be denoted by darts ; 
the best anchorages, souutlings, times of high water, &c. are all to 
be marked in their proper places. For further particulars see 
Maritinje Surveying. 

lu order to illustrate the above Rules let us take an example > 
Suppose, for instance, it is required to draw a Chartextending from 
2 degrees of East Longitude to 3Q degrees of West Longitude, and 
from 10 degrees to 57 degrees of North Latitude, (see Plate IV.) 

Having drawn the bottom marginal line to represent the parallel 
of 10 degrees, divide it into 32 equal parts, the number of degrees 
of Longitude the Chart is to contain; aud at each end erect a 
perpendicular liue. ... . . . 

Take out the meridional parts corresponding to every fifth degree, 
and set them down with their differences in ihe following order: 


atitudes 

Mcrid. Parts 

10° 

— 

603 

*5 

— 

910 

20 

— 

1225 

*5 

■— 

155° 

3° 

— 

im 

35 

— 

2244 

40 

— 

2623 

45 

— 

3030 

50 

— 

3474 

55 

— 

3968 

57 

— 

4i8j 


Differences 




3°7 


5* 

7 * 

3*5 


5 

15 

3-5 

= 

5 

25 

33* 

= 

5 

3* 

35* 

= 

5 

5* 

379 

= 

6 

*9 

407 

= 

6 

47 

444 

= 

7 

24 

494 

=2 

8 

14 

215 

— 

3. 

35 


Now take the first difference 5° T in the Compasses, from the 
divided parallel, and lay it off on both meridians from 10° to 15°; 
from 15° to 20° lay off the next difference 5° 15', taken from the 
same parallel, and so proceed to the Latitude 57°; through each of 
these corresponding points draw lines to represent the respective 
parallels of Latitude, and subdivide the extreme meridians into 
degrees. Divide the parallel of 57° in the same manner as that of 
10°, and draw meridian lines through every fifth degree, numbering 
them as on the Chart. 

The principal points are to be laid dowh agreeable to their 
Latitude and Longitude, through which the coast is to be drawn ; 
and the various particulars are to be inserted, as Rocks, Shoals, 
Islands, a Compass, &c. which will be best understood by inspect¬ 
ing the Chart. 

Use of Mercator’s Chart. 


To find the Latitude 6nd Longitude of a place on the Chart . 

With a pair of Compasses take the least distance betweea the 
given place and the nearest parallel of Latitude; apply that Dis¬ 
tance, the same way, on one of the graduated meridians, one foot of 
the Compasses, being fixed at that point where the parallel cuts the 
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graduated meridian, and the other will shew the Latitude of the 
place. 

The least distance between the given place and one of the 
nearest meridians being applied in the same manner to either of 
the graduated parallels, will point out the Longitude of the place* 

For example: The least distance between Cape Su Vincent and . 
the parallel of 35° on the Chart being taken ano applied to one of 
the graduated meridians from the same parallel upwards, will give 
its Latitude about 37 degrees N.; and the least distance between the 
tame Cape and the meridian of 10°, being applied to either 
graduated parallel, towards the right from that meridian, wiH give 
its Longitude 9° West. 

To lay down upon the Chart anyplace whose Latitude and Longitude 

are given . 

Lay the edge of a Scale over the given Latitude, and with a pair 
of Compasses, take from one of the divided parallels, the distance 
between thegiven Longitude and the nearest meridian line; this being 
applied along the edge of the Scale from that point where the 
Scale intersects the meridian line, the same way that the Longitude 
lies, will point out the place required. 

Example. Suppose a Ship in Latitude 52 6 SO' N. and Longitude 
23° W.: required its situation on the Chart. 

Lay the edge of the Scale over Latitude 52° SO' N., and take from 
one of the divided parallels the Distance between the meridian of £0° 
and the Longitude 23 d ; this being^ laid off along the edge of the 
Seale, towards the left, from the meridian of 20°, will give the Ship’s 
place at a. 

In this manner a Ship’s track » usually pricked off at Sea, her 
Latitude and Longitude being laid down every day at noon ; and 
the Ship’s places connected by pencil lines drawn between them. 

To find the Course or Bearing between two Places on the Chart . 

Lay the edge of a Scale over the given places, and take the least 
Distance between the center of one of the Compasses drawn oh 
the Chart, and the edge of the Scale; move this extent along so 
that one point of the Compass may touch the edge of the Scale, 
while the other is to be kept in a perpendicular position to it with 
respect to the edge of the Scale ; then that other point will generate 
an imaginary line passing through the center of the Compass on the 
Chart, which will shew the course or bearing. 

To find the Distance between any two Places on Ike Chart . 

L If the given places lay under the same meridian, find their 
Latitudes on the Chart, and the difference or sum of these, accord- 
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• ing as the places lay on the same or on different sides of the Equator, 
ivill give the Distance. 

• 2. If the given places lay in the same parallel of Latitude, 
take half the distance between them, and placing one foot of the 
Compasses in the graduated meridian on their Latitude, observe 
what Latitudes the other foot points to both above and below; the 
difference between these will be tliei^ Distance. 

8. But if the given places differ both in Latitude and Longitude, 
take the Distance between them, and apply it to either of 
the graduated meridians, so that one foot of the Compasses may 
be as much above one place as the other is below the other place; 
then the degrees and minutes contained between the points of the 
Compasses will be the Distance required, which may be reduced to 
miles or leagues. 

But if the places lay nearly in a parallel, and their distance is 
.considerable, it will conduce to accuracy if the middle Latitude 
between the two places be found; then half their Distance being 
applied alternately above and below the middle Latitude, will give 
the Distance: 

Or, a degree may be taken near the middle parallel, and the 
number of these degrees and parts contained between the two 
places being measured along the edge of the Scale, will give the 
Distance. 

The Distance may also be found in the following manner: Find 
the difference of Latitude between the given places, and take it 
from the equator, or one of the graduated parallels; then* lay the 
edge of a Scale over the given places, and move or slide one point 
of the Compasses along the edge of the Scale, (keeping both points 

E arallel to the meridians) until the other pointjust touches a parallel. 

ow, the distance between the place where the point of the Com¬ 
passes rested, and the point of intersection of the edge of the scale 
and parallel, being applied to the equator, or one of the graduated 
parallels, will give the Distance in degrees and parts, which may he 
reduced to miles. 

Example. Required the Course and Distance from Cape St. Vin¬ 
cent to the East end of the Island of Madeira. 

Lay the edge of a Scale over the two places, and take the least 
Distance between it and the center of the Compass, then sliding 
one point along the edge of the Scale, the other will shew the 
Course to he S.W.b.W. nearly: the extent between the two places 
being taken with the Compasses, and applied to one of the graduated 
meridians, will reach front 31° to about 38° 40', being an interval of 
7° 40*; hence the Distance is 460 miles. 

Or, take the difference of Latitude between the two places, w hich 
is 4° 18', from either of the graduated parallels, and laying the edge 
of the Scale over the two places, move one point of the Compasses 
along it until the other just touches a parallel as that of 33°, th$n 
the extent between the place where the foot of the Compasses 
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rented, and the point where the Scale cuts the parallel of 35°, being 
applied to the graduated parallel, will give the Distance 1° 40' or 
4(iO miles, as before. 

The Course steered and Distance run from any given Place being 
known , to find the Ship's Place on the Chart . 

Lay the edge of a Scale over the given place in the direction of 
the Ship’s Course; then take the Distance run from that part of 
one of the graduated meridians opposite the given place and the 
supposed place of the Ship, which lay off from the given place 
along the edge of the Scale, and it will shew the place of the Ship. 
Or, placing the Scale as before directed, take the given Distance 
from one of the graduated parallels; put one foot of the Compasses 
in that point of a parallel that is cut by the edge of the Scale, and 
the other foot will reach to a certain place along the edge of the 
Scale; now this foot remaining in the same position, draw in the 
other point of the Cdmpasses until it just touch the above parallel, 
without crossing it; apply this extent to the graduated parallel and 
it will give the difference of Latitude; hence the Latitude in will be 
known, through which a parallel being drawn, that point where it 
intersects the edge of the Scale will be the Ship’s place. 

Example. Suppose a Ship sails N.W.b.N. 400 miles from Cape 
Blanco; required her place on the Chart. 

By either of the above methods the Ship’s place will be found at 
p, in Latitude 20° 28' N, and it) Longitude 21° 13'W. 


MARITIME SURVEYING. 


Notwithstanding the great importance of accurateSurveys 
of the various Coasts and Harbours tl\gt are frequented by Mariners, 
it must be confessed that the manner of executing this branch of 
the Nautical Art has been but little attended to, and that the oppor¬ 
tunities which so frequently occur to Seamen of adding to our 

( >resent stock of geographical knowledge, are almost entirely neg- 
ected, or at least such incorrect observations made as can be but of 
little service in the attainment of truth. We therefore think it 
proper, before we proceed to the Astronomical part of this Work, 
to lay down a few general directions, illustrated by proper examples. 
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shewing how a Coast or Harbour may be easily surveyed, with such 
iastnunents as are commonly used at sea; and we shall, at the same 
time, explain the method of delineating the observations on paper. 

To surrey a Bay or Harbour . 

Tate a general view of the place, by walking or sailing round it; 
during this time make a rough Sketch of the Coast, carefully 
drawing the various projections and bendings, and noting whatever 
is remarkable; on tne principal points and curves place Station- 
staves, or strait poles, high enough to be seen at a considerable dis¬ 
tance, and, to render these more conspicuous, fasten a piece of 
white bunting to the top of them; if there be a tree, house, or 
other remarkable object at any of these places, it may serve in¬ 
stead of a Statiomstaff; these are ail to be marked down on the eye- 
sketch, either with letters or numbers, in order to distinguish them. 

Proceed now to determine the position of the stations by observa¬ 
tions made either on shore or on the water; in the former case find 
a level spot of ground near the shore, whereon a base line may be 
measured, whicn base line must be so situated that the whole, or the 
most part of the Stations, or remarkable objects, may be seen from 
both its extremities, and its length and direction, if possible, such 
that the Angle contained between it and any of the Station-staves 
taken from one end, may differ at least ten degrees from the same 
taken from the other end thereof; then set up two Station- 
staves, the further these are from each other, in general, the better; 
carefully measure their distance either by aebain, a measuring pole, 
or a piece of log-line divided into feet, and observe their bearing as 
accurately as possible by an Azimuth Compass. 

If a base line of a sufficient length cannot be taken in one right 
line, two adjoining lines aud their included Angle may be measured, 
and the distance between their extremes found either by construc¬ 
tion or computation, which may be considered as a base; the hear¬ 
ing of this line may be ascertained from that of one of the measured 
lines and the adjacent Angle. 

When the survey cannot be taken on shore, (which, however, is 
always to be preferred on account of the superior accuracy with 
which the observations can be made,) a base-line may be laid down 
on the water, by mooring two buoys in the most convenient sima- 
tions, and measuring, as accurately as possible, their bearing and 
distance from each other. 

Having fixed upon a base-line, from each extremity, observe the 
bearings of the several remarked objects, and note them down in 
their proper order; or rather, with a quadrant or sextant observe 
the Angles formed between the base-line and lines drawn from each 
end to the several stations. If any of the Angles exceed the limits 
of the instrument, it may be measured at twice, by taking the an¬ 
gular distance of some intermediate object from each extreme object. 
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These Bearings or Angles are all to be entered on paper as they 
are taken, and distinguished by the letters marked on the rough 
Sketch. 

If any of the objects are not visible from both or either end of 
the base-line, their positions must be ascertained by Angles taken 
from stations whose situations are already known ; sometimes it will 
be necessary to measure out a new base, which is to be connected, 
if possible, with the first base, either by Angles taken from both ex¬ 
tremities of the first base, or from one extremity and a Station- 
staff, or from two Station-staves whose positions have been previously 
determined. 

When the survey is made by bnse-lines on the water, if all the 
principal points cannot be seen from two stations, moor as many 
buoys as are necessary, and observe their bearings and distances 
from each other, which set down in the manner of a Traverse; 
Bearings or Angles being then taken from any two of them whose 
situations have been determined, will give the positions of the places 
required. 

Having proceeded so far on the survey, it will be proper to lay 
down the observations on paper; for which purpose describe a Circle 
with the Chord of fiO°, and throughits center draw the magnetic north 
and south line: on this Circle lay off the bearing of the base, and 
draw a line parallel to it on a convenient part of the paper, to re¬ 
present the position and length of the base; from each end of the 
base draw lines parallel to the respective observed bearings, previ¬ 
ously laid down on the Circle; or if Angles between the base-line 
and the stations be observed, a Circle is to be drawn at each end of 
the base on which they are to be laid off, then the intersection of 
ench pair of corresponding lines will give the position of the sta¬ 
tions, between each of which the configuration of the Coast is to 
be drawn from the Sketches already made. 

Now sail about the Haibour at low water, and take the soundings 
or depths of the sea, observing whether the ground be rocky, 
sandy, shelly, &c.; at the plape where each sounding is taken, 
observe the bearings of two remarkable objects whose position had 
been previously determined; hence it3 situation may be accurately 
laid down on the Chart, where the depth of water is to be denoted 
by small numeral figures. In like manner determine the situation 
of rocks, shoals, anchoring-places, &c. that may be in or near the 
Harbour, and mark them dowu accordingly. Observe the set and 
velocity of the tide of flood, by heaving the log while at anchor, 
and denote the same on the Chart by small darts. The time of 
high water, at new and full moon, is to be inserted in roman numeral 
letters; rocks are to be denoted by small crosses; sands by doited 
shading; good anchoring places by a small anchor, and stopping 
places by a small anchor without a stock. Whilst going on with 
the necessary operations on the water, take particular care, on 
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coming near the shore, to correct the outline of the Chart, by ob¬ 
serving the inflection, creeks, &c. more minutely. * 

In a small sailing vessel go out to sea, and take drawings of the 
appearance of the land, with its bearings. Sail into the Harbour, 
observe the appearance of its entrance, and particularly whether 
there be any false resemblance of an entrance by which Ships may 
be deceived into danger. Remark the signs or objects, by attend¬ 
ing to which, the Harbour may be entered with safety; more espe¬ 
cially, where it can be done, let the Ship steer to the anchoring 
place, keeping two remarkable objects in one, or in a line. These 
leading marks are to be inserted on the draft by drawing fine double 
lines ilirough the objects. 

The necessary observations being all laid down on the Chart, 
shade the Coast on the land side with lndian-ink, and draw houses, 
churches, trees, &c. in their proper places; the Coast should be 
shaded so as to exhibit, as nearly as possible, its natural appear¬ 
ance, particularly shewing whether it is high, low, sandy, rocky, 
bad shore, &c. In a convenient place insert a Mariner’s Compass, 
by which the situation of the Rhumbs will be shewn; this may be 
drawn either according to the magnetic or true north, as may be 
thought proper; the variation is to be marked by placing a small 
fleur tie lis at the north point from which the Compass is not drawn. 
The name of the place, on what Coast or Country, the Latitude and 
Longitude, and whatever else may he thought necessary, are to be 
ascertained, and inserted in the Chart. 

To survey a Coast while sailing along it . 

When theShip has arrived to a convenient situation, from whence 
there is a tolerably extensive view of the Coast, there cast anchor, 
or ly-to as steady as possible; then, while the Vessel is in this 
stationary position, observe, with an Azimuth Compass, the hear¬ 
ings of the most material projections and hollows, and whatever 
objects are remarkable on the Coast; or rather, take the hearing of 
one of the most conspicuous points, and observe, with a quadrant 
or sextant, the angular distances contained between it and the other 
remarkable objects; w’rite these down on paper, and make a rough 
Sketch of the Coast, on which murk the observed points, &c. with 
letters lor the sake of reference. 

Then let the Ship run in a direct line upon a known Course, 
measuring the distance with all imaginable care by a Log or other- 
w ise; during which time take soundings, and draw a more correct 
Sketch of the Coast, with appearances of land, &c.: when she has 
at length attained a proper situation from whence the same points 
and objects before observed may he still seen, lay to a9 at the first 
station, and again observe the Bearings or Angles of the former 
objects, and likewise of others in the continuation of the Coast, 
which note down as before ; in this manner proceed from station to 
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station, until tbe survey is extended as far as may be thought 
proper. 

The observations are to be laid down on paper, by drawing tbe 
Ship’9 Courses and Distances between the stations in the manner 
of a Traverse, and setting off the Bearings and Angles observed at 
each station; then the intersection of the corresponding lines will 
give the position of the several observed points and objects, through 
which tne configuration of the Coast is to be drawn from the 
Sketches made while sailing along it. 

To reduce a Draught to any Scale required . 

Surveys being usually drawn upon a large scale for the sake of ac¬ 
curacy, it frequently becomes necessary to reduce them to a smaller 
when they are used in the construction of Charts, in order to 
adapt them to that particular scale on which the other parts 
of the Chart are drawn; this may be performed several ways, 
but the following is the easiest, and tbe most convenient in 
practice. 

Divide the whole, or that part of the Draught to be copied, into 
small squares, by setting off any convenient number of equal divi¬ 
sions on the marginal lines, and through these drawing lines across 
the Draught with a black-lead pencil; in like manner divide that 
part of the paper on which the copy is to be taken, into the same 
number of squares. If the divisions round the margins are num¬ 
bered alike on both Draughts, or if every fourth or fifth line be 
drawn somewhat stronger than the rest, the corresponding squares 
will be more readily discovered. With a pencil draw in such lines, 
curves, and other particulars on the copy as are found in the cor¬ 
responding squares of the former Draught; when the whole is thu 9 
correctly copied, draw the lines, &c. over with a pen dipped in 
lndian-ink dissolved in w ater, and when dry rub out the pencil lines 
with Indian-rubber, or crumbs of stale bread. 

We shall now proceed to elucidate what has been said on survey¬ 
ing, by the three following Examples, each of which exhibit a 
different method of conducting the operation. 

• , EXAMPLE I. 

Let it be required to survey the Harbour, No. 1, Plate V. by 
observations made on the water. 

Having sailed round the Harbour, and fixed upon the several stations 
on the Coast, let the two buoy3, a and b, be moored so that all the 
points or stations may be seen from both, whose bearing, from a 
to b, as observed by an Azimuth Compass, suppose to be N. 46° E. 
and their distance measured accurately by a log, one mile; then 
having taken the boat to the stations A and B, suppose the following 
bearings to have been taken. 
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AC 

Frwh Station A* 

= • N, ioo° 

E. 

BC 

From SUttoa B. 

= N. 121 ° 

E. 

AD 

3X 

N. 

72 

£. 

BD 

«= 

N. 

99 

E. 

AR 

= 

' N. 

63 

E. 

BE 

= 

N. 

73 

E. 

AF 

‘ = 

N. 

29 

E. 

EF 

=s • 

N. 

12 

E. 

AO 

e= 

N. 

12 

E. 

B G 


N. 

36 

W. 

AH 

se 

N. 

33 

W. 

BH 


N. 

74 

w. 

AI 

‘ =* 

N. 

no 

vv. 

BI 

= 

N. 

122 

w. 


The above bearings being observed, proceed to draw the plan as 
follows: in a convenient part of the paper describe a Circle, with the 
Chord of 60°, and through the center draw a line to represent the 
magnetic meridian, or north and south line; on this Circle lay off 
the bearings as above, and through A and b draw lines parallel to 
them ; then the intersection of these lines will give the position of 
the points cdefghi, through which draw the configuration of 
the Const, according to the Sketch previously made, and insert the 
isles, rocks, shoals, and sand-banks, that lav within or near the 
Harbour, with the marks to avoid them, the proper places for 
anchoring, the depth of water .in various parts, the variation of 
the Compass, and whatever other particulars may appear worthy 
of notice. 

EXAMPLE II. 

Wanting to survey a Coast whilst sailing along it: I ran from A 
to b, No. 2, Plate V., W.S.W* 6 miles; from b to c # West 4 
miles; and from c to n N.N.W. { W. Sg miles; taking the follow¬ 
ing Bearings and Angles at each station: 


1 . From Station A. 


The 

Bearing 

of AO = 

N. 

o' 

The 

Angle 

GAE = 

58 

40 


— 

GAF as 

2 } 

0 


— 

GAH « 

21 

50 


2 . From Station ft. 


The Bearing 

of bK 

— 

.N. 33° 

& 

The Angle 

KBL 

= 

17 

40 

— 

KB1 

3= 


35 

— 

KBH 

= 

56 

0 

— 

KBG 

= 

60 

0 

— 

K BP 

= 

69 

40 

-* 

KBE 

= 

80 

3 


3 . From Station C. 


The Bearing of CK 
The Angle KCC 

- KCL 

-- KCM 

- KCN 

- KCO 


= N. 46 * &t. 
*e 13 r6 

= 36 30 

= 44 o 

- 55 45 

=» 83 w 


4 . Frrtm Station D. 

The Bearing of DN *= N. io° o' E. 

The Angle NDO = 67 50 

- NDM = 12 5 


To delineate these observations on paper, first draw a Compass 
in a convenient part, and fix upon a point, as a, for the first 
station; through which draw the line All parallel to the WJS.W. 
Rhumb-line, and equal to 6miles, the distance run on that Rhumb; 
then will n be the second station: proceed in like manner with the 
second and third Courses, by which you will obtain the third and 
fourth stations c and d. Through a draw the line AO parallel to 
N. 51° W., laid off on the Compass, and make the Angles oae, 
gaf, gah, according to the above observations ; in the same man¬ 
ner the Bearings and Angles are to be laid down from the other 
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stations; then the intersecting lines will give the points efg, 8tc. 
through which the Coast is to be drawn agreeable to the Sketches 
made at the time of passing along it. The Scale of mile 3 is to be 
laid down from the same equal parts that the distance run were 
measured by. 

EXAMPLE III. 

Let it be required to take an accurate survey, and from thence to 
make a Chart, of the Harbour and adjacent Island, No. 3, 
Plate V. . 

Sail round the Coasts to be surveyed, and fix Station-staves on the 
principal points where there are no remarkable objects to distinguish 
them; at the same time take a rough Sketch of the Harbour, on 
which denote the situation of the objects and stations by the letters 
a, b , c, &c.; it will likewise be adviseable to take a more particular 
Sketch of the Coasts between each station on a separate pibce of 
paper; seek for a proper place near the shore, on which a base-line 
may be measured ; and, since there is no part of the Coast which 
commands a view of all the stations, it will be necessary to measure 
out two base-lines; accordingly the base-line ab is fixed upon, the 
ground being there level, and a considerable number of the Station- 
staves visible from each extremity; its length, as measured by a 
chain, is 800 fathoms, and its bearing from a to b, N. 48° E. From 
each end measure the Angles contained between the base-line and 
the several stations within sight, which are as follow: 


From Station A. From Station B. 


The Angle 

BA * 

= 

*3° 

35' 

The Angle 

AB a 

= 

i8° 40* 

'- 

BA c 

r= 

52 

IO 

- 

AB t 

= 

3*' o 

— 

BAd 

; - 

82 

o 

. 

ABC 


5° 15 


BAC 

-i 

94 

o 

— 

ABD 

= 

66 o 


CA e 

= 

25 

13 

— 

AB d 

= 

69 36 

— 

CA a 

= 

47 

3° 


d B e 

= 

36 as 






— 

d B it 

= 

61 IO 


It will now be necessary to fix upon a place whereon another 
base-line may be measured, from whence the remaining stations 
may be seen ; the most convenient spot is between n and e; let de 
therefore be the second base-line, its length being 660 fathoms, and 
bearing from n to e, N. 72° YV. ; but as its southern extremity Dean 
he seen only from one end of the first base, the Angle d cd is to be 
observed from c in order to ascertain the position of the second 
base with regard to the first; this Angle is found to be 44° O'; 
now measure the Angles formed by lines drawn from each end of 
this base to the Station-staves, or other objects, which are as 
follow : 


From Station D» From Station E. 


The Angle EDA 

= 21° 

15' 

The Angle DEg = 

22° 28' 

-ED/ 

= 59 

42 

- I )ty* = 

74 » 

— /i>g 

= 79 

25 

- JEk = 

T 

70 
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Having taken all the necessary Bearings and Angles on shore, 
}ay them clown upon paper agreeable to the preceding directions; 
hence the relative position of the points a, a, b, b, c, d, d, e, c, 
e, f 9 g, and k, will be obtained; which are to he connected by 
drawing the configuration of the Coast from the Sketches made 
w hilst sailiug round the Harbour and Island. The Chart being thus 
far delineated, proceed to make the requisite observations on the 
water. In sounding for the depths of water, a shoal is discovered in 
one of the entrances; now its extremes i A, are to be ascertained 
by their bearings from the stations d and 1 $; the bearing of t E is 
IS. 40° E, and of i i>, N. 72° E.; also the bearing of h e is 
N. 40° \Y r . and of A D, N. 10° E. ; to lay these down on the Chart, 
through E and d draw lines parallel to the above bearings, which 
are to be previously laid off on the Compass; these will meet at 
a and A, and determine the extremities of the Shoal; in the same 
way the position of the soundings, anchoring-places, rocks, &c. 
are to be ascertained and laid down. 

The above bearings being all magnetic, and it being thought 
proper to draw a Compass according to the true meridian, the vari¬ 
ation, which is 2()° easterly, is to be laid off to the left of the 
magnetic north; hence the direction of the true meridian and the 
other Rhumb-lines will be obtained. 

The Scale shews the length of a geographical mile, containing 
1018 fathoms; therefore take 1018 from the same scale of equal 
parts that was used in laying down the base lines; or, make the 
transverse distauce of 400 on the Sector, equal to the length of the 
base ab; then the transverse distance of 609 will he the length of 
one mile, (see Use of Sector, page 34.) 

The following methods of ascertaining the heights and distances 
of remote objects being frequently useful, particularly in the prac¬ 
tice of surveying, we think it proper to introduce them before we 
dismiss the present subject. 

Tojind the height of an accessible object . 

Measure the horizontal distance between the eye and the object, 
or the point immediately under it, and observe the angle of elevation 
with a quadrant; thus will he obtained the base and angle of a right- 
angled triangle, the perpendicular of which being found, will he 
the height of the object above the horizontal plane, to which add. 
the height of the eye. 

Or, by removing either towards or from the object until the angle 
of elevation be 45°, the horizontal distance added to the height of 
the eye will give the height of the object. 

EXAMPLE. 

From the bottom of a tower I measured 200 feet on a horizontal 
plane; I then took the angle of elevation and found it 46° 30', the 
height of my eye being ti feet: required the height of the tower. 
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In the triangle abc are given 
the side a b 200 feet, and the angle 
bac 40° JO', to find the perpendi¬ 
cular nc. 


As Radius 
Is to the distance ab or ds 
So is tang, angle bac 


. 10.00000 
200 2.30103 

46° 30' 10-02275 


To the perpendicular bc 210.7 2.32378 

Height of the eye ad or be 6 



Height of the tower ce . 216.7 feet. 

If the height of the object be known, and the angle of elevation 
observed, the horizontal distance of the eye may he found, for in 
this case there will be given the perpendicular and angles of a right- 
angled triangle to find the base or distance required. 

To find the height of an inaccessible object . 

Measure the angle of elevation at a convenient distance from the 
given object; then remove in a direct line from the object, and again 
observe the angle of elevation, the distance between the stations 
being carefully measured; hence will be given one side and the 
angles of an oblique-angled triangle, with which find the less of the 
other sides. Now that side will be the hypothenuse of a right-angled 
triangle, the perpendicular of which being found, and the height 
of the eye added to it. their sum will be the height of the object. 

EXAMPLE. 


Wanting to know the height of a light-house above the level of 
the sea, and not being able to measure its horizontal distance, [ took 
the angle of elevation and found it to be 31° 4o', and after removing 
from it 120 fathoms I observed the angle of elevation to be 21° 20': 
required the height of the light-house. 

In the triangle abc are 
given the angle acb 2I°20'; 
the angle cab 10° 25'; and 
the side cb 120 fathoms, to 
find the side ba. 



T 2 

gitized by. 


Google 


140 


MARITIME SURVEYING. 

1 

Angle acb 

21° 20' 

As Sine Angle cab, 10° 25' 

. 9.25721 

Angle abc 

148 15 

Is to the Side cb 120 

2.07918 


169 35 
180 0 

' So isSine Angle acb 21 20 

. 9.56085 

11.64003 

Angle cab 

10 25 

To the Side ab 241.4 

9-25721 

2.38282 


In the right-angled triangle abd are given the angle abd 31° 45', 
and the hypothenuse ab 241.4, to find the perpendicular ad. 

As Radius . . . 10.00000 

Is to the Hypothenuse a b 241.4 . 2.3S274 

So is Sine of Angle abd 31° 45' . 9-72!l6 

To the Perpendicular ad 127 . 2.10390 

Hence the height of the light-house is 127 fathoms, or 762 feet 
above the level of the sea. 

In this example the height of the eye is neglected, for supposing 
the observations to have been made in a boat, the eye would nearly 
coincide with the surface of the water, and hence the omission would 
lead to no material error. 

Shorter methods might have been given for solving the above, but 
as the present is worked directly by the rules of Trigonometry, it is 
more likely to be retained in the memory. 

To find the distance of objects at sea by means of the curvature of the 

earth . 

To the logarithm of the diameter of the earth increased by the 
height of the eye, add the logarithm of that height, and half the 
sum will be the logarithm of the distance of the visible horizon in 
feet; from which subtract the constant logarithm 3-783904 aud the 
remainder will be the distance in nautical miles, to which add a 
tenth part of the distance on account of terrestrial refraction. 

EXAMPLE. 

At what distance is the visible horizon from a person whose eye is 
elevated 120 feet above the surface of the water? 

Diameter of the earth in feet 41804400 

Height of the eye . 120 Log. 2.079181 

41804520 Log. 7.621223 
9.700404 

Distance in feet . 70827.5 Log. 4.850202 

Constant Log. 3.783904 

Distance in nautical miles . 11.65 Log. 1.066298 

Add one tenth part . 1 .16 

Distance corrected for refrac. 12.81 
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When the height of a distant object appearing in the horizon is 
given, its distance from the eye is found by adding together the dis-* 
tances answering to each height: see explanation to Table XX. 

* To find the distance of an object by observing the interval between 

the flash and report of a gun . 

; Multiply 1142, (the number of feet sound travels in a second) by 
j the number of seconds in the above interval, and the product will 
- be the distance in feet, which divided by 6080 will give the dis- 
j tance in nautical miles. 

EXAMPLE. 

} A ship at sea was observed to fire a gun, and 24 seconds afterwards 

* the report was heard : required the distance of the ship from the 
' observer. 

1142 multiplied by 24 gives 27408, the distance in feet, which 
divided by 6080 gives 4f miles. 


ASTRONOMY. 

I 

* 

* __ 

' Astronomy is a science which treats of the motions and 

l distances of the heavenly bodies, and of the appearances thence 
; arising. 

A great variety of opinions have, at different times, prevailed 
; among the philosophers of the preceding ages, concerning the order 
and arrangement of the several parts of the universe, or of the 

* positions of those bodies which appear in the heavens. The most 
*. eminent Astronomers of the present day suppose the universe com¬ 
posed of an infinite number of systems or worlds; that in every 
system there are certain bodies moving in free space, and revolving 

* at different distances around a Sun placed in or near the ceuter of 
i the system, and that these Suns and other bodies are the Stars 
1 which are seen in the heavens. 

The Stars are distinguished into two kinds, viz. fixed and 
wandering. The fixed Stars are supposed to be Suns in the center 
' of their systems, shining w r ith their own light, and preserving 

* always the same situations with respect to each other: they are 
J usually divided according to their apparent splendor, into different 

classes called magnitudes ; the brightest being denominated Stars 
. of the first magnitude, the next to them in brightness, of the second 
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magnitude ; and so on to those Stars that are scarcely visible to the 
naked eye, which are termed Stars of the sixth or seventh mag- 
. nitude. 

In order to assist the memory, Astronomers have divided the 
heavens into parcels called constellations ; these are a number of 
fixed Stars lying contiguous, which are supposed to be circum¬ 
scribed by the outline of some animal or other imaginary figure. 
Stars which arc not included within the constellations are called 
unformed Stars. The Stars in each constellation are generally' 
distinguished by letters of the greek alphabet, and some of the 
principal have proper names: thus the Star marked a in the con¬ 
stellation of Taurus is called Aldcbaran . 

The wandering Stars are those bodies within our system, which 
revolve round the Sun ; they appear luminous by reflecting the 
light they receive from the Sun, and are of three kinds, namely', 
primary phnets, secondary planets, and comets. 

Primary planets are those bodies which, in revolving round 
the Sun, respect him only as the center of their revolution ; their 
motions are regularly performed in tracks or paths, called orbits, 
which are nearly circular and concentric with each other. 

A secondary planet, called also a satellite or moon, is a 
body which while it is carried round the Sun, also revolves round a 
a primary planet, which it respects as its center. 

Comets are a kind of planets which move round the Sun in very 
eccentric orbits, and in various directions, having vast atmospheres 
about them, and tails of a hairy or nebulous appearance, especially 
when they are near the Sun. 

Of the solar system. 

The solar system is that in which our earth is placed, and in 
which the Sun is supposed to be fixed near the center, with several 
bodies similar to onr earth revolving round him at different distances. 
This hypothesis, which is the only one that can explain all the 
phenomena of the heavenly bodies, is said to have been first taught 
by Pythagoras, after Avhose time it remained many ages in oblivion, 
until it was revived in the beginning of the sixteenth century by 
Copernicus, and has since been fully established on the basis of de¬ 
monstration by the immortal Newton. 

There are nine primary planets in our system, accompanied by at 
least sixteen satellites. "The names of the primary planets, with their 
characters, reckoned in order from the Sun 0, are as follows: 
Mercury , Venus 9 > Earth Q, Mars $, Piazzi, Pallas, Jupiter If., 
Saturn P>, and Herschel, or Georgium Sidus 1$. (See Plate VI. 
Pig. 1.) 

Mercury and Venus are called inferior planets, because their 
orbits are within the Earth’s; the others are called superior planets, 
as their orbits include that of the Earth. 
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The primary planets, accompanied by their satellites, revolve 
round the Sun from west to east, in various portions of time, which 
are called their periodic revolution , or annual motion ; the plane of 
their orbits all pass through the center of the Sun, but are inclined 
more or lest to that of the Earth, crossing it in two points called 
Nodes . 

Although to an observer placed in the Sun the planets would 
appear to move in due order about him from west to east; yet since 
the Earth is not in the center of the system* their apparent motions 
in the heavens are very irregular; sometimes they appear to move 
from west to east, and then to stand still; then they seem to move 
from east to west, and after standing some time, they again move 
from west to east, and so on continually. The motion of a planet 
from west to east, is called the direct motion, or according to the 
order of the signs. The contrary motion from east to west is called 
retrograde , and when the planet appears to stand still, it is said to 
be stationary . 

The situation of a planet in the heavens, as it would appear if 
seen from the Sun, is called its heliocentric place ; and as seen from 
the Earth, its geocentric place. 

The angular distance of a planet from the Sun is termed its 
elongation 

When a planet is in the same part of the heavens with the Sun, 
those bodies are said to be in conjunction ; and when their angular 
distance is 180°, in opposition. Tne same terms are used with respect 
to any other two celestial bodies. 

Here follows a more particular description of the Sun and the 
planets. 

The Son, that great fountain of heat, light, and vegetation, is 
an immense globe of fire placed near the center of tbeorbits of all 
the planets; its diameter is about 890,000 English miles, and it 
turns round its axis in 25 days 10 hours. 

Mercury is the leastof all the primary planets, and at the same 
time the nearest to the Sun ; his diameter being about 3224 miles, 
and mean distance from that luminary 37 millions of miles. His 
periodic revolution is performed in 87 days 23 hours. 

To a spectator on the Earth this planet keeps so near the Sun that 
we can seldom discern him without the aid of telescopes : he appears 
sometimes a little before Sun-set, and at other times a little after 
Sun-rise. 

Venus is the next planet in the order of the System, and is dis¬ 
tinguished by her superior brilliancy; her diameter is 7687 miles, 
her mean distance from the Sun 68 millions of miles, and her 
periodic revolution is performed in 224 days l? hours. 

This planet appears to us always near the Sun, although she re¬ 
cedes from him almost double the distance of Mercury; when she 
is in that part of her orbit which is west of the Sun, she rises before 
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him in the morning, and is called Lucifer, or the morning Star; and 
when she is in the eastern part of her orbit she shines in the evening 
after he sets, and is called Vesper , or the evening Star. 

The Earth, or planet which we inhabit, is about 7958 miles in 
diameter, and is about 95 millions of miles from the Sun; it per¬ 
forins a revolution through its orbit in 365 days 6 hours, which 
period is called a year , and revolves round its axis, from west to 
east, in 24 hours, which occasions the apparent diurnal motion of 
the Sun, and all the heavenly bodies round it from east to west iii 
the same time; it is of course the cause of their rising and setting, 
of day and night. The axis of the Earth is inclined 28° 28' from a 
perpendicular to the plane of its orbit, and keeps in a direction 
parallel to itself throughout its annual course, which causes the 
return of spring and summer, autumn .and winter. Thus the diurnal 
motion gives us the grateful vicissitude of day and night, and the 
annual motion the tegular succession of the seasons. (See Plate 
VI. Figure 2.) 

The Earth is attended by a satellite called the moon, whose dia¬ 
meter is 2174 miles, her mean distauce from the center of the Earth 
about 240000 miles; she goes round her orbit in 27 davs 8 hours, 
revolving round her axis in the same time; but the interval between 
each new moon is 2'if days; the former of these periods is 
termed a periodic month , and the latter a synodic month or 
lunation . 

As the Moon, like the other planets, is an opake body, and 
borrows her light from the Sun, only one hemisphere is enlightened 
by the solar rays ; hence she puts on various appearances, called 
phases, during her monthly course round the Earth, as her illumi¬ 
nated side is more or less turned towards us : when she is in the same 
part of the heavens as the Sun, her dark side being turned towards 
us, she is invisible, and this part of her period fs called the change 
o; time of new Moon ; in a few days after, as she advances to the 
eastward of the Sun, we see a small part of her enlightened face, 
and she assumes a horned appearance, the cusps or points being 
turned from the Sun towards the east. When she has advanced 90° 
to the eastward of the Sun we then see half her illuminated face, 
and she is then said to be at her first quarter ; as she proceeds on 
her journey more of her enlightened side becomes visible, and siie 
appears of an oval or gibbous form. At length when she is in op¬ 
position to the Sun she presents to us the whole of her enlightened 
face, and this is called the time of full Moon. In performing the 
other half of her revolution she wanes and exposes less and less of 
her enlightened side till she entirely disappears, and comes again in 
conjunction'with the Sun. (See Plate VI1. Figure 1.) 

When the Moon at the time of conjunction is directly between 
the Sun and the Earth she will intercept a part of the Sun’s rays, 
and thence cause an eclipse of the Sun ; and when in opposition, the 
Earth is directly between her and the Sun, she will pass through the 
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shadow of the Earth and cause an eclipse of the Moon . These 
eclipses would happen ever)* revolution of the Moon round the 
Earth if their orbits were in the same plane, but the Moon’s orbit 
is inclined to the Earth’s in an angle of about 5 degrees, crossing it 
in two opposite points called the Moon's nodes; hence eclipses of 
the Sun and Moon can happen only when the Moon is in or near one 
of the nodes, she being at all other times above or below the plane 
of the Earth’s orbit. (See Plate VII. Figure 2.) 

Mars is the least bright and elegant of all the planets, being of a 
dull red or fiery colour, supposed to arise from the density of his 
atmosphere; his diameter is 4139 miles ; his distance from the Sun 
144 millions of miles; his periodic revolution is performed in about 
687 days, that is, something less than 2 of our years, and he re¬ 
volves round his axis in 24 hours 40 minutes. 

Mars, as well as all the other superior planet3, is not subject to the 
same limitations in his apparent motion as Mercury or Venus, but 
appears sometimes near tne Sun, and at other times in opposition 
to him. 

Piazzi was discovered by M. Piazzi, the Astronomer Royal 
at Palermo, in Italy, on the 1st of January, 1801, and called by 
him Certs Ferdinandia , in compliment to the present sovereign of 
the Two Sicilies. Its periodic revolution is 1681 days 12 hours, or 
little more than 4 and a half years ; its diameter, as computed by 
Dr. Herschel, is about 1000 miles, and its bulk about 4 that of the 
moon. Through a telescope that magnifies 200 times, it appears no 
larger than a Star of the 7th magnitude, and therefore cannot be 
seen with the naked eye. 

Pallas was discovered by Dr. Olbers, at Bremen, on the 28th 
of March, 1802; it is nearly of the same size, appearance, and 
distance of Piazzi, and performs his revolution round the Sun in 
about the same period. 

Jupiter is the largest of all the planets, and is easily distin¬ 
guished by his peculiar magnitude and light. His diameter is 89170 
miles; his distance from the Sun 490 millions of miles; and he 

; erforms his periodic revolution in 4332f days, or nearly 12 years. 

'hough Jupiter is the largest of all the planets, yet his diurnal re¬ 
volution is the swiftest, being only 9 hours and 56 minutes. 

Jupiter is attended by four satellites, invisible to the naked eye, 
but through a telescope they make a beautiful appearance. In 
speaking of them, we distinguish them according to their places, into 
the first, the second, &c. The eclipses of these are of consider¬ 
able use in determining the longitude of places on the Earth. In 
viewing Jupiter through a telescope we find several streaks or lines 
over his equatorial parts, which are called his belts; these are sup- 

E osed to arise from the swiftness of his diurnal motion, which draws 
is clouds and vapours into those forms* 

U 
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Saturn was reckoned the most remote planet qf our system 
before the discovery of the planet Herschel. He shines but with a 
pale and feeble light; his diameter is 79042 miles; his distance from 
the Sun 900 millions of miles, and his periodic revolution in his 
orbit is performed in about 29 years 167 days. Saturn revolves 
round his axis in 10 hours 16 minutes, and is attended by seven 
satellites. 

This planet is surrounded by u large, broad, double, and luminous 
ring, at a distance from it equal to the breadth of the ring. This 
phenomenon is quite different to all others in the planetary system, 
and appears intended to increase the quantity of light received from 
the Sun, which, on account of the vast distance ot the planet, must 
be very small. 

Hrrschel, or as it is called, the Georoium Sidus, was dis¬ 
covered on March 13th, 1781, by Dr. Herschel, though there are 
many reasons to suppose it had been seen before, but had been 
considered as a fixed Star. Its diameter is 35112 miles, its distance 
from the Sun 1800 millions of miles, and its periodic revolution in 
its orbit is performed in 83 years and 52 days. This planet is at¬ 
tended by six satellites which were likewise discovered by Dr. 
Herschel. 

The Astronomy of Comets is yet in its infancy; the return of one 
of them in the year 1758, was foretold by Dr. Halley, and it hap¬ 
pened nearly as he predicted. He also foretold the return of another 
in the year 1790, but it never appeared Probably this mistake of 
Dr. Halley was owing to the inaccuracy of the observations of the 
Comet at its former appearance ; for Mr. Mechain, having collected 
all the observations, and calculated the orbit again, found it differ 
essentially from that determined by Dr. Halley. 

Of the Sphere. 

Although the celestial bodies are placed at different distances 
from the earth, as we have just seen ; yet an observer living upon 
the earth, is not naturally sensible thereof, but imagines them 
all to be situate in one concave surface, of which the earth is the 
center. 

Likewise, though in reality the cause of day and night is the 
rotation of the earth round its own axis; and of the seasons, 
its motion through its own orbit in a year, yet to a spectator on 
the earth, these appear to be effected by the motion of the Sun or 
heavens. 

And as in most Astronomical Problems, it is the apparent or rela¬ 
tive motions only that we have to determine ; therefore for the ease 
of calculation, and since it amounts to the same thing whether wav 
these appearances are effected, Astronomers chuse to suppose ail 
celestial objects placed in one concave sphere as above, and ta 
ascribe to them all the motions which they seem to have, while the 
earth is considered as being at rest in the center. 
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' In order to point out the positions of the heavenly bodies in the 
celestial sphere, certain points, lines, and circles ^re supposed to be 
described thereon. 

Circles upon a sphere are either great or less: a great circle is 
that whose plane passes through the center of the sphere. A less 
circle is that whose plane does not pas9 through the center of the 
sphere: hence all great circles upon a sphere divide it equally, and 
all less circles divide it unequally. 

Those two points on the surface of a sphere which are equidistant 
from every part of the circumference of one of its great circles, are 
called the poles of that great circle. 

If we imagine the axis of the earth produced to the celestial 
sphere, it is then called the axis of the heavens , and its extremities 
mark out two points in the sphere, which are called the celestial poles , 
or the poles of the world ; one is termed the north pole, and the 
other the south pole . It is about these points that all the heavenly 
bodies appear to have a diurnal revolution. 

The plane of the equator in like manner produced to the heavens, 
forms a circle called the celestial equator, or equinoctial , whose 
poles are those of the world. This circle divides the heavens into 
two equal parts, called the northern and southern hemispheres . 

Any celestialbody situated in the equinoctial will appear to describe 
a great circle in the heavens, and those bodies which are situated 
north or south of it will describe small circles; those Stars situated 
at either pole will appear at rest. 

The circle which bounds the view of a spectator at sea, or on an 
open plane, is termed the apparent, or visible horizon; a circle 
whose plane passes through the eye of an observer, perpendicular 
to a plumb-line hanging freely, is called the sensible horizon; and a 
circle parallel to this, passing through the center of the earth, is the 
rational horizon; these two circles in the sphere of the fixed Stars 
may be considered as one and the same *. 

The zenith of a place is that point in the heavens immediately 
above the place, and the nadir is that point immediately under it. 
Hence the zenith and nadir are the poles of the rational horizon. 

Azimuth, or vertical circles, are great circles passing through the 
zenith and nadir, and therefore intersect the horizon at right 
angles. That vertical circle which passes through the east and west 
points of the horizon is called the prime vertical . 

Celestial meridians , of circles of right ascension, are great circles 
passing through the poles of the world, and cutting the equinoctial 
at right angles. Twenty-four of these circles, which divide the 
equinoctial into equal parts, each containing 15 degrees, are called 
hour-circles. 

The meridian of a place on the celestial sphere, is that vertical 
circle which passes through the poles, crosses the equinoctial at 

• For the division oi the horizon into points. &c. see the Mariner’s Compass, opposite 

page 65. 
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right angles, and intersects the horizon at the north and south 
points; this circle is the terrestrial meridian of a place extended to 
the heavens: it divides the heavens into two hemispheres, termed 
the eastern and western. When the Sun is upon the meridian of a 
place above the horizon, it is noon; and under the horizon, it is 
midnight. On this circle the latitude of a place is reckoned, being 
always equal to the elevation of the pole above the horizon, or to 
the distance of the zenith from the equinoctial. 

The altitude of a celestial object is an arch of a vertical circle 
intercepted between the center of the object and the horizon. 

The zenith distance is an arch of a vertical circle contained be¬ 
tween the object and ihe zenith. When the object is on the-iueridian 
its altitude, or zenith distance, are called the meridian altitude , or 
meridian zenith distance. 

The azimuth is an arch of the horizon contained Letwcen the 
azimuth, or vertical circle, passing through the center of the object, 
and the meridian of the place. 

The amplitude is an arch of ihe horizon contained between the 
center of the object when rising or setting, and the east or west 
points of the horizon. 

The ecliptic is that great circle in the heavens which the Sun ap¬ 
pears to describe in the course of a year, and is the orbit,of the 
earth extended to the celestial sphere. It is inclined to the equi¬ 
noctial in an angle of 23° 28', called the obliquity of the ecliptic , 
and cuts it in two points diametrically opposite, called the equinoc¬ 
tial points. Those two points of the ecliptic, 90 degrees distant 
from the equinoctial points, are called the solstitial points. 

The ecliptic is divided into 12 equal parts called signs, each con¬ 
taining 30 degrees: these are thus marked and named. 

i. Aries <Y* 4* Cancer gs 7* Libra ^ io. Capricornus Vf 

a. Taurus £ 5 . Leo ^ 8 , Scorpio HI 11 . Aquarius £2 

3 . Gem ni n 6 . Virgo tig 9 . Sagittarius f 12 . Pisces X 

The first six signs being on the north side of the equinoctial, are 
termed northern signs, and the last six on the south side, are called 
southern signs. 

The two points of the ecliptic which coincide with the equinoctial 
are, the beginning of Aries and Libra; the former of these is called 
the vernal equinox , and the latter the autumnal equinox. 

The two solstitial points are situated at the beginning of Cancer 
and Capricer.i, and are called the summer and winter solstices. 

That great circle which passes through the equinoctial points and 
the poles of the earth, is called the equinoctial colure; and that 
great circle which passes through the solstitial points and the poles 
of the earth, is called the solstitial colure. 

The Sun enters the beginning of Aries about the 21st of March ; 
he then moves forward in the ecliptic and advances towards the north 
pole till he enters Cancer, which happens about the 22d of June; 
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then, continuing his motion according to the order of the signs, 
lie apparently recedes from the north pole, and about the 23d of 
September enters Libra; still advancing in the ecliptic he gets nearer 
to the south pole till he enters Capricorn about the 22d of December, 
after which returning to the northward through the last three signs, 
he again enters Aries, and thus completes his annual course. 

The zodiac is a space in the heavens extending about 8 degrees 
on each side of the ecliptic, like a belt or girdle, within whioli all 
the planets appear to perforin their revolutions. 

Circles of longitude in the celestial sphere, are great circles 
passing through the poles of the-ecliptic, and therefore cut the 
ecliptic at right angles. 

The right ascension of a celestial body is an arch of the equinoc¬ 
tial, contained between the first point of Aries and that point of 
the equinoctial which is cut by a meridian passing through the 
object. 

The ascensional difference is an arch of the equinoctial, intercepted 
between the Sun or Star’s meridian and that point of the equinoc¬ 
tial that rises with the object. 

The oblique ascetision, or decen>ion , is the sum or difference of the 
right ascension and ascensional difference. 

The declination of an object is an arch of a meridian contained 
between the equinoctial and the center of the object. It is called 
north or south declination, according as the object is on the north 
or south side of the equinoctial. 

The polar distance is an arch of the meridian contained between 
the center of the object and either pole of the equinoctial. 

The latitude of any object in the heavens is an arch of a circle of 
celestial longitude intercepted between the object and the ecliptic, 
and is called north or south, according as the object is north or south 
of the ecliptic. 

The longitude of a celestial body is an arch of the ecliptic inter¬ 
cepted between the first point of Aries and a circle of longitude 
passing through the center of the object. 

The tropics are two lesser circles parallel to the equinoctial,,at 
23° 28' distance from it, touching the ecliptic at the solstitial points; 
the northern tropic touches the ecliptic at the beginning of Cancer, 
and is thence called the tropic of Cancer; the southern tropic, 
touching the ecliptic at the beginning of Capricorn, is therefore 
called the tropic of Capricorn . 

The polar circles are two lesser circles, 23° 28' distant from the 
poles of the equinoctial; that about the north pole is called the 
arctic circle , and the other the antarctic circle . 

In order to illustrate the preceding definitions, let the circle 
zhno (Plate VII. Figure 3,) represent the celestial meridian, z the 
zenith, and n the nadir, of a place at a ; ho the sensible horizon of 
the place, which may be considered as coinciding with hio, the 
rational horizon, the north and south points being o and H, and the 
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cast and west points at I ; and zbn an azimuth, or vertical circle, 
cutting the horizon in b; likewise let the line p p be the celestial 
axis whose pole p is elevated above the rational horizon equal to the 
latitude of the ‘place. Now if v be considered as the place of a 
Star in the heavens, vb will be its altitude; vz its zenith distance, 
h u its azimuth from the south, or bo from the north. If the Star be 
supposed to rise or set at f, the arch Ft will be its amplitude from 
the east or west, and if the Star be at o, on the meridian, gh will 
be its meridian altitude, and gz its meridian zenith distance. 

Again, let p p represent the celestial axis as before; the circle 
zuno, the solstitial colure; eq the equinoctial, of which pp are 
the poles; pop a circle of right ascension; &Yf, the ecliptic; ar 
its poles; rlr a circle of longitude, 2523 the tropic or Cancer, 
kr*f the tropic of Capricorn; km the arctic Circle; and rm the 
antarctic circle. Then if v be the place of a Star, vd will be its 
declination; vp or vp its polar distance; lv its latitude; and il its 
longitude. 

The Diameter of the Sun, Moon, #c„ 

The apparent diameter of the Suo, Moon, is the angle under 
which they appear to an observer situated on the Earth; the 
quantity of which depends upon the real magnitude of the object, 
and its distance from the observer. Thus, let ab (Plate V i l. Fig. 4) 
represent tire real diameter of a distant object, the eye being at c; 
then the angle acb is its apparent diameter: now if the eye be re¬ 
moved further from the object, as to o, its apparent diameter will 
be the angle adb, which is evidently less than the angle acb ; like¬ 
wise if the real diameter be increased to e its apparent diameter will 
likewise increase, lor the angle edb is greater than the angle adb. 

The Sun’s apparent semidiameier is set down in page III. of each 
month in the Nautical Almanac, for every sev<sii days; but its mean 
seinidiameter, which is 1()', is used in common practice, Us it never 
deviates half a minute from that quantity. The Moon’s semi¬ 
diameter varies considerably during his monthly revolution round 
the Earth, and is set down for every 12 hours in page VIf. of each 
month in the Nautical Almanac; the apparent seinidiameter there 
given is the angle under which it would be seen when in the horizon, 
or from the center of the Earth; but since the Moon is nearer the 
observer, by a seinidiameter of the Earth, when in the zenith than 
when in the horizon, and as this difference bears a sensible propor¬ 
tion to the Moon’s distance from the Earth’s center*, the semi- 
diameter given in the Almanac is to be increased by a quantity, 
called the augmentation, depending on its altitude, which is con¬ 
tained in Table VII. 

The distance of the Sun from the Earth being immense when 
compared with the Earth’s semidiameter, the augmentation of the 

* The Moon is about 6o semidiameters of the Earth distant from the Earth's center. 
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Sun’s apparent semidiameter is therefore insensible. The apparent 
semidiameter of a planet is so small that it is seldom noticed in 
calculations. The fixed Stars have no sensible apparent magnitude 
even when viewed through the most powerful telescopes. 

Depression of the Horizon. 

The depression, ox, as it is generally called, the dip of the horizon, 
is the angle contained between the sensible and apparent horizons, 
the angular point being the eye of the observer. Now as the alti¬ 
tudes of all celestial bodies observed at sea are measured from the 
apparent horizon, which is below the sensible by a quantity depend¬ 
ing on the height of the eve, these altitudes are greater when taken 
by a fore observation, and less when observed by a back observation, 
thau they should be, by a quantity equal to the angle contained be¬ 
tween the two horizons. Thus, let bac represent part of the surface 
of the Earth, and ae the height of the observer’s eye; then peg will 
represent the sensible, and eh the apparent horizons, and therefore 
the angle fkh will be the depression, or dip, of the apparent below the 
sensible horizon. Let m be an object whose altitude is to be observed 
by bringing its image in contact with the apparent horizon; then will 
ine angle meh be the observed altitude which is greater than the 
angle mef, the altitude from the sensible horizon, by the angle 
fbh . In the back observation the observed altitude is mel, to 
which the angle hef, equal to gek, must be added to obtain the 
altitude above the sensible horizon fe. 

The dip of the horizon is affected by terrestrial refraction, which, 
according to Dr. Maskelyne, amounts to 1 I 5 the whole angle, but 
several Astronomers differ in opinion respecting the quantity. In 
Table V. of this work, which contains the dip answering to different 
heights of the observer, 7 V is allowed on the whole angle. 

Refraction. 

The rays of light which proceed from a celestial body, on enter¬ 
ing the atmosphere in an oblique direction, are bent out of their 
rectilinear course, and incline more and more towards the center of 
the Earth as they pass deeper into the atmosphere, and hence enter 
the eye of an observer in a different direction from that of the ob¬ 
ject, and make it appear higher than its real place. The difference 
between the real and apparent places of the heavenly bodies, as 
affected bv the passage of the rays of light through the atmosphere, 
is called the rejraclion of the object. Let abc represent the surface 
of the Earth, on which the observer stands at a, and def the 
surrounding atmosphere: now the rays of light which proceed from 
an object at z in the zenith, falling perpendicularly on the atmos¬ 
phere, are not refracted thereby, but continue in tne same direction 
till they reach the eye of the observer. But if the rays proceed 
from a body not in the zenith, as at r, they fall on the atmosphere 
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obliquely, and are bent or refracted into a curve inclining towards 
the Earth's center at t;* and as the observer perceives objects in the 
direction that the rays proceeding from it enter the eye, he therefore 
imagines the body r to be at r; the difference of these places, or 
the arch r r, is the refraction of the object in altitude. Thus also 
if the rays from a Star at s pass on to the eye by a curve-line t>a, 
the observer judges that Star to he in the direction of the side of this 
curve terminating at the eye, that is, he conceives it to be at s, in 
the direction s a touching the curve at the point a, where it enters 
the eye.' 

The more obliquely the rays enter the atmosphere, the more they 
will be bent out of their rectilinear course, and hence the greater 
the refraction ; the quantity of refraction likewise increases with the * 
density of the atmosphere. 

From what has been said, it follows that an object at the zenith is 
not subject to refraction, but that as the distance from the zenith 
increases, the refraction becomes perceptible, and is proportionabiy 
greater, as the body observed is further from the zenith until it 
reaches the horizon where the refraction is greatest. Also, that by [ 
the effect of refraction the heavenly bodies appear more elevated 
above the horizon than than they really are, and therefore the re- { 
fraction is to be subtracted from the apparent altitude of an object; * 

in consequence of this, it likewise happens that the Sun, Stars, &c. v 
may be actually below the horizon when they appear above it; and ( 
hence they appear to rise sooner and set later than they would other¬ 
wise do. 

Parallax. 

V 

We have already observed that the sensible and rational horizons 
may be considered as coinciding when extended to the sphere of the J 
heavens. This assumption will lead us to no sensible error with re- | 
spect to the Stars, which are at such an immense distance from us [ 
that the earth, in comparison, is as it were, but a mere point; but, | 
with respect to the Sun, Moon, and Planets, the earth’s semidia- j 
meter must be taken into consideration in deducing our conclusions 
from observations made upon those bodies \ ? 

The situation of a celestial body, when viewed from the surface I 
of the earth is called its apparent place , and that part of the 1 
heavens where it would be seen if observed at the same time from } 
the center of the earth, is called its true place . The difference be- l 
tween the true and apparent places is termed the parallax of The •' 
object. * 

In order to illustrate the nature of parallax, let ahw (Plate Vlf. , 
Figure 7,) represent the earth, a the place of an observer on its j 
surface whose sensible horizon is ho, rational horizon ho, and ( 
zenith at z; also let sg be part of a vertical circle whose radius is - 
the distance of the moon from the earth’s center, p g part of a . 
vertical circle whose radius is the distance of a planet from the 
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earth’s center,* and zo a vertical circle in the sphere of the Stars. 
Now to a spectator at a, if the moon appear in r its apparent place 
in the heavens will be at a } but if viewed from the center t its true 

E lace will be at the point b ; the difference of these places, measured 
y the arch a b is its parallax in altitude . 

But if the Moon be in the sensible horizon at g its apparent place 
will be at o, and its true place at d ; the arch o d is called its hori~ 
zontal parallax. Moreover if g be the place of a planet in the 
horizon, the arch od will be its horizontal parallax, and if its place 
be at r, ab will be its parallax m altitude* 

The parallax of an object is greatest at the horizon, and gradu¬ 
ally diminishes as the body rises above the horizon until it comes to 
the zenith, where the parallax vanishes. Thus o d and o d, the 
horizontal parallaxes or o andg, are greater than a B or a 5, the 
parallaxes of a and r, and the objects at s or p seen from A or t, will 
appear in the same place z, or the zenith. The parallaxes of dif¬ 
ferent objects are less or greater, as those objects are more or less 
distant from the earth. Thus the parallax o d of the Moon a is 
greater than the parallax o d of the planet g< It is likewise evident 
from the figure, that the altitude of an object seen from the earth’s 
surface is less than it would be if seen from the center; hence the 
parallax is to be added to the apparent altitude, in order to obtain the 
true altitude. 

The Moon’s parallax is greater than that of the other heavenly 
bodies, owing to its being nearer the earth ; at tbe horizon it varies 
from about oV 32* and 53' 5£", and is set down in page VII of each 
month in the Nautical Almanac. The Sun’s mean horizontal pa¬ 
rallax is 8£"; that of the planets is more or less according to their 
distance from us in the different parts of their orbits. 


WINDS. 


XH E air, or atmosphere which encompasses our terraqueous globe, 
and extends several miles above its surface, is by its elasticity, 
capable of being expanded, or of spreading itself so as to fill up 
a larger space than it before occupied, and of being condensed, or 
compressed, into a less space: the principal causes in producing 
these effects are heat and cold, the former rarefying or expanding, 
and the latter condensing or compressing the air; when, therefore, 
any portion of it becomes heated, the cooler or denser air from the 
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ntighbouring part* will acquire a motion towards the thinner, in 
order to restore the equilibrium, and occasion those currents of air 
which are called Winds, 

Although various causes may contribute to produce this inequality 
in the density of the atmosphere, yet the most general and per¬ 
manent is the influence of the Sun’? rays, by which the air in 
tiie regions about the equator being heated to a greater degree, and 
oortsequently pore ratified than that which is nearer to either poke, 
the more ponderous or dense air will have a motion from the north 
and south, in order to preserve the equilibrium; but as the Sun is 
cohtinuaUy shifting to the westward, that part towards which the 
air tends, by reason of the rarefaction, is with him carried westward, 
and consequently the tendency of the whole body of air is that 
way; henoe a general easterly wind is formed, which being im* 
pressed upon ail the air of a vast ocean, the parts impel one another, 
and so keep moving till the next return of die San, by which so 
much of the motion m • was lost is again restored, and thus the 
easterly wind is made perpetual: the combination of these two cur¬ 
rents of air acting at the same time will produce a north-easterly 
wind in the northern hemisphere, and a south-easterly wind in the 
southern hemisphere. 

If the whole surface of the globe were sea, these winds would 
constantly ,blow quite round the world without interruption; hut as 
water is of a more even temperature than land, the latter will some¬ 
times be hotter and sometimes cooler than the former, rarefying or 
condensing to a greater degree the air immediately above, whereby 
die air will be put in motion, the denser towards the lighter, in order 
to restore the equilibrium; hence when a considerable body of land, 
intervenes, particularly in the Uropicql regions, new points of rarefac* 
tion and condensation take place, sufficiently powerful to counteract 
the former more remote, and therefore more feeble cause; for it is 
to be observed, that the atmosphere derives a greater portion of its 
heat, near the surface, from its communication with land and water, 
than from the direct influence of the Sup. 

Partial and temporary winds are likewise frequently produced 
by thunder storms, or other electrical phenomena. The rays of 
the Sun are also sometimes obstructed by clouds, or mists in parti¬ 
cular p]aces, and one part of the world, or even of a particular 
country, will consequently be less heated than another; in that 
case tirere will always be a current of air from the cold to the warm 
region. Besides this the falling of rain, or other circumstances,* 
produce occasional alterations in the temperature of the air, and 
whenever these take place in any country they must be attended 
with wind. 

(n those parts of the Atlantic and Pacific Oceans which are re¬ 
mote from lire influence of the land, between the limits of about 28 
or30 degrees ef north and south latitude, there is a constant easterly 
wind, the cause of which we have already assigned in the preceding 
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observations. On the north side of the equator tlie Wirfd blows 
from between the north and the east, and on the south side froth 
between the south and the east, inclining more to the north and 
south as they are further from the equator: these winds are denomi¬ 
nated the N.E. and S.E. trade winds. 

But we are not to conclude that the above limits are without ex* 
ception, for both their direction and extent vary much with the 
season of the year; when the Sun approaches the tropic of Cancer 
the S.E. trade wind prevails farther to the northward of the line, in¬ 
clining more to the 9outh than the east, and the N.E. trade wind 
more to the eastward ; on the contrary, when he is in Capricorn the 
N.E. trade wind extends more to the southward of the equator, but 
inclining more to the northward, and the S.E. veers a little more tt> 
the eastward* 

The S.E. trade wind generally extends as far as 5 or 6 degrees to 
the northward of the line, and sometimes even to 1 degrees, accord* 
ing to the seasons; sometimes the N.E. and S'.E. trade winds almost 
meet each other, leaving very little space between them, and at other 
times there will be an interval of several degrees subject to calms, 
squalls, thunder, lightning, and heavy rains. It ha9 likewise been 
remarked, that between the trades, the wind frequently prevails 
from the S.W. quarter* 

The trade winds extend to higher degrees of latitude on the coasts 
of North and South America than on the coast of Africa; some* 
times as far as 32 degrees on the North American coast, and to the 
same latitude south on the coast of Brazil, though they seldom ex* 
ceed 28 degrees on the African side to the northward ol the Cape of 
Good Hope. 

Beyond the limits of the trade winds, in both the northern and 
southern hemispheres, the winds are variable, but for the most part 
prevailing from the westward, or W.S.W. in the northern, and from 
the W.N.W. in the southern latitudes; these winds often extend to 
the tropics, and sometimes even as far as the 20th degree of latitude* 

The probable cause of the trade winds thus changing to the op¬ 
posite direction appears to be, that the rarefied air within the tr<H 
pical regions being pressed upon by that which is cooler or denser 
coming from the northward or southward, ascends to the upper part 
of the atmosphere, where the reflected rays of the Sun has leas in* 
fluence, dispersing itself in order to maintain an equilibrium, and 
forma a contrary current at the commencement of the temperate 
zone, which produces the above-mentioned winds. But the above ob* 
serration must be confined to particular seasons, within certain limits, 
and not be considered as invariably the case, for even in the South 
Atlantic Ocean, in those same parallels of latitude the winds are 
light and variable, coming often from the S.E* and veering almost 
to every point of tbe compass. 
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The N.E. trade wind in the Atlantic Ocean blows in a regular 
fresh gale at about 100 leagues from the coast of Africa; and it is 
remarked, that as ships approach nearer to the West Indies this 
wind generally comes nearer to the east; so as seldom to deviate 
more than a point either to the northward or southward. 

On the coast of Brazil; the S.E. trade wind is subject to periodical 
shiftingS; according to the respective seasons; they blow tnere from 
N.E. to E.N.E. between September and March, and from S.S.E. to 
E.S.E. from March to September. 

On the African coast, from Cape Blanco to Sierra Leone, the winds 
(excepting always land breezes and storms) blow from the north, in- 
dining rather from the westward than from the eastward. From ' 
Sjerra Leone to Cape Palmas the ordinary course of the winds is 
from W.N.W. and beyond Cape Palmas, as far down as about 28 
degrees of south latitude, from S.W. to south, inclining more to 
the southward or westward according to the particular situation or 
bearing of the shores and lands. 

The reason of these dispositions of the trade winds towards the 
Jand will appear obvious from the general principles already laid 
down, when we consider the nature of the coasts and their situa¬ 
tion with regard to the Sun. The vast continent of Africa, for in¬ 
stance, being violently heated by the Sun, especially those parts 
near the equator, the incumbent air will be exceedingly rarefied, and 
the sea being much cooler than the land, the current of air must 
almost constantly come from the westward to restore the equili¬ 
brium, and it is to be observed that the winds on the coast of Guinea 
actually acquire this direction towards the shore within 80 or 100 
leagues, getting first more towards the south, then becoming full 
south, and afterwards shifting to the westward of the south. This 
part of the ocean is consequently much troubled with frequent 
calms, and with sudden and violent gusts of wind, known by the 
name of Tornadoes , which blow from all parts of the horizon. 

In the gulf of Guinea, there is a periodical wind, called the 
Harmattan , which blows in a N.E. direction from the interior part9 
of Africa. The season in which it prevails is during the months of 
December, January, and February; it comes on indiscriminately at 
any hour of the day, at any time of the tide, or at any period of 
the Moon, and continues sometimes only a day or two, sometimes 
five or six days, and it has been known to last fifteen or sixteen 
days. There are generally three or four returns of it every season: 
it blows with a moderate force, but not Quite so strong as the sea 
breeze. It has been further observed, that between the 4th and 
10th degree of north latitude, and between the longitude of Cape 
Verd and the easternmost of the Cape Verd Island, there i9 a track 
.of sea which seems to be condemned to perpetual calms, attended 
with terrible thunders and lightnings, accompanied with such fre¬ 
quent rains, that this part of the sea is called the rains. This 
appears to originate from the same cause as those we have already 
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stated ; for this tract being placed in the middle, between the westerly 
winds blowing on the coast and the easterly trade wind blowing to 
the westward of it, the tendency of the air is here indifferent to 
either, and therefore keeps its place and makes a calm; and the 
weight of the incumbent atmosphere being diminished by the con¬ 
tinual contrary winds blowing from hence, is the reason that the air 
is not able to support the vapours plentifully raised here by the heat, 
but lets it fall in frequent and copious showers. 

All thepe circumstances duly considered will account for those 
circuitous passages which ships make in sailing from one distant 
port to another in the Atlantic Ocean, and for the difficulty they 
meet with in sailing to the southward, especially in the months of 
July and August, wnen the S.E. trade winds usually extend to 7 or 
8 degrees north of the equator, and not unfrequently vary so much 
as to blow from the south, and even a point or two to the west of 
the south ; for in this case every mile that is then obtained must be 
in the face of a constant trade wind directly opposing the track of 
the ship, and by an infinite deal of trouble, and constantly plying 
to windward. For if, on the one hand, a ship steers W.S.VV. and 
gets the trade wind more towards the east, she will be in danger of 
falling in too soon w ith the coast and shoals ot Brazil; and if she 
steers E.S.E. she must fall in with the coast of Guinea, and cannot 
extricate herself from that situation but by running down east to the 
Island of St. Thomas; it is for this reason that India ships, both 
outward and homeward bound, pass the equator in the Atlantic 
between the longitudes of 18° and 23° west; by keeping this course 
they never fall in with the coast of America, either going to 
the Cape of Good Hope, or returning from it, and at the same time 
they avoid the calms on the coast of Africa 

These circumstances likewise point out the only possible course 
for ships to sail from the coast of Guinea for Europe; and that is, 
to steer away S.S E. or south, and with ihese courses to run off the 
shore, while the w r ind becomes more and more contrary. Though 
ships when near the shore can lie south on this coast, yet when they 
get more distant they can only make good a S.E. course, and as they 
get further out they will only make good an E.S.E. course; but they 
can generally make the island of St. Thomas’s, or Cape Lopez, 
with these directions, when they will find the winds to the eastward 
of the south. They then set off westerly from the coast and 
run on till they come to 4 degrees south latitude, by which time 
they will find a constant trade wind from the south east. 

On account of these general winds it is, that ships bound from 
England, or other parts of Europe, to the West India islands, or 
to tne southern parts of the coast of North America, even as far to 
the northward as Virginia, consider it most advantageous to get to 
the southward as soon as possible, for as soon as they reach the 
latitude of 30 degrees, or thereabouts, where they get within the 
influence of the trade winds, they can depend on having a steady 
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f ale from the eastward, so as to enable them to run before the wind. 

or the same reason all ships returning from the West Indies, or the 
contiguous part of the coast of North America, endeavour to run up 
to 30 degrees north latitude, where they first find the wind J>egin to 
be variable, so as to enable them to malce to the eastward. Indeed, 
the most general and prevailing wind without the northern limits of 
the trade wind in the Atlantic Ocean is between the south and west, 
and therefore fair for bringing ships to Europe. 

Again, ships bound to India from America run to the eastward in 
the variable winds, so as to be in the longitude of 35 or 38 degrees 
west when in the latitude of 30 degrees north; thence they steer 
south-easterly towards the Cape Verd Islands, passing two or three 
degrees to the westward of them. Being then in the general track 
of the European Indiamen, they steer south-easterly to cross the 
equator between the longitude of 18 and 23 degrees west, where 
meeting the S E. trade wind they must brace up, and sail upou a 
wind till they get so far to the southward as to meet with the vari¬ 
able winds, wheu they may steer to the eastward. 

Between the parallels of 23 and 10 degrees of south latitude in 
the Indian Ocean, as we have already observed is the case in the 
South Atlantic, the wind is variable, but most frequently blows be¬ 
tween the N.YV. and S.W.; it is on this account that outward bound 
East India ships generally run down their casting on the parallel of 
36 degrees south. 

From the latitude of 28 degrees south to the equator, the S.E. 
trade wind blows constantly without any considerable interruption 
in the Indian Ocean, as in the Pacific and Atlantic, between some 
few degrees to the eastward of Madagascar as far nearly as the island 
of Java; but in the other parts of the Indian Ocean, and in the 
adjoining seas, the winds divide the year into two seasons, or mo«- 
soons *, blowing certain months in one direction, and the rest of the 
year in the opposite. 

In the Mozambique Channel, between the island of Madagascar 
and the coast of Africa, the monsoons prevail alternately; theS.W. 
begins in April and continues till November ; the N.fe. then suc¬ 
ceeds and continues until April, but the S.W. monsoon in this 
channel is the fair season, and the wind sometimes varies towards 
the S.E. and E.S.E. on either coast about the middle of November, 
where also there are in general regular land and sea breezes. The 
N.E. monsoon begins hear the Comoro Islands and the north of 
Madagascar, but seldom extends beyond St. Augustine’s Bay to 
the southward, towards which it commences only at the end of 
November. 

To the north of the equator, in the whole extent of the seas com¬ 
prized between the eastern coast of Africa and the meridian which 
passes through the western part of Japan, the monsoons blow from 

• Tta word monsoon is dorired from the Persian word mousum, which signifies season. 
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tfce S.W. between the middle of April and the middle of October# 
and from the N.E. during the rest of the year, excepting only* the 
Red Sea, and the Gulf of Persia, which have particular winds; to 
which we might also add the Straits of Malacca, where the winds 
are generally shifting# and in which the monsoons do not blow for 
a long time. 

In the Red Sea the winds blow almost nine months of the year 
from the southward# that is, from the end of August to the middle 
of May, and sometimes to the end of that month, when the wind 
changes to the north and N.N.W. and generally continues in that 
quarter to the end of August, but sometimes the land and sea 
breezes prevail. 

In the Gulf of Persia the N.W. wind blows from the month of 
October to July# and about three months from the opposite quarter. 
These winds, however# are not so regular as those in the Red Sea, 
being often interrupted by fresh gales from the S.W. principally 
from Cape Morcandon# and sometimes by land breezes. 

In the Gulf of Siam# on the Coasts of Cambodia or Camboge, 
Cochin China# the Gulf of Tonquin, and China, the S.W, mon¬ 
soon commences near the coast in the course of the month of 
April, but out at sea in those parts it does not change till a month 
later. It is for this reason# that on the north part of Borneo to the 
islands of Paragoa and Luconia, it is seldom known to blow con- 
stantly, but from the 1st to the 15th or 20th of May. As the S.W, 
monsoon continues only about six months, and commences near the 
coast, it there ceases first likewise in the same manner, and is im¬ 
mediately succeeded by the N.E. monsoon. The winds in the China 
Seas are not so regular as in the Arabian Sea, and are frequently in¬ 
terrupted by violent and dangerous typhoons. These typhoous are of 
the same nature with the hurricanes in the West Indies, both of 
which appear to arise from violent and sudden changes in the upper 
and lower regions of the air; and it has been remarked, that they 
happen# for the most part, about the autumnal equinox# and are 
always preceded by calms and hot weather. 

In that part of the Indian Ocean adjoining to New Holland, be¬ 
tween the meridians of Sumatra and Java to the west, and New 
Guinea to the ea9t, there is a regular monsoon which sets in from 
the N.W. between the months of October aud April; during the 
other months of the year, the wind resumes its natural course of 
S.E. These winds are called the N.W. and S.E. monsoons. 

The monsoons do not change suddenly from one point of the 
compass to the opposite; between the expiration of one and the 
commencement of the other, the winds are light and variable, and 
•emetines calms prevail# until the regular monsoon commences and 
acquires sufficient strength to blow steady. 

The shifting of the N.E. and S.W. monsoons is frequently at¬ 
tended with violent squalls, for which reason ships between the 
coasts of Malabar and Africa, if bound to Bombay from the south- 
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ward, never attempt to make the latter coast, at the breaking up of 
the N.E. monsoon, particularly in the month of May; hence, like¬ 
wise, they avoid the Coast of Coromandel in the month of Oc¬ 
tober; for it is a fact worthy of remark that the bad weather month 
on the Coast of Malabar is the fine weather month on the Coast of 
Coromandel, and vice versa , although these coasts are situated on 
the same peninsula. 

The most obvious cause of the above periodical changes in the wind 
appears to be the situation of the sun in the ecliptic at the different 
seasons of the year; for when the sun approaches the tropic of 
Cancer, the soil of Persia, Bengal,» China, and the adjoining 
countries become so much more heated than the sea to the south¬ 
ward of those countries, that the current of the general N.E. trade 
wind is interrupted so a9 to blow at that season from the south to 
the north, contrary to what it would do if no land were there; but 
as the high mountains of Africa during all the year are extremely 
cold, the low countries of IndiA to the eastward of it becomes hotter 
than Africa in summer, and the air is naturally drawn thence to the 
eastward ; hence it is that the wind, in those parts, blows from the 
south west between April and October contrary to the trade winds 
in the Atlantic and Pacific Oceans in the same latitudes ; but when 
the Sun retires towards the tropic of Capricorn these northern parts 
become cooler, and the general trade wind assumes its natural direc¬ 
tion from the N.E. 

Upon the same principle we account for the monsoons adjoining 
New Holland, which we find is an immense tract of land to tne S.E, 
of the Sunda and Molucca Islands; for when the sun is in the 
tropic of Cancer, the current of air, even independent of the trtide 
wiud, will move from the S.E. to restore the equilibrium to the 
N VV.; on the contrary, in the months of November, December, 
and January, whilst the sun is nearly vertical over a great part of 
New Holland, the current of air through the Sunda and Molucca 
Islands, will come from the N.W. to fill up the vacuum made by 
the rarefication, and thus occasion an alternate S.E. and N.W. mon¬ 
soon. 

The cause of land and sea breezes , yrhich prevail principally be¬ 
tween the tropics, and never extend above three or four leagues 
from the shore, may be explained after the same manner a9 the 
monsoons. For during the day, the sea is not so much heated by 
the presence of the sun as the land, nor is it so much cooled during 
the night; therefore when the earth begins to be violently heated in 
the course of the day, the cooler air from the sea will rush in towards 
the land to supply the deficiency occasioned by the greater rare¬ 
faction of the air; and hence arises the sea breezes. On the other 
hand, the land becoming cooler than the water in the absence of the 
Sun, the current of air, a few hours after sunset, flows from the land 
to the sea, and thus produces the land breeze. 
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A TIDE is that regular motion of the waters of the ocean by 
which they rise and fall in certain intervals of time. The rising of 
the \yater is called the flux , or flood; and its falling; the reflux , or ebb. 
When the water has attained its greatest height it is said to be high 
water, and when it has done falling it is called low water . 

These periodical motions of the waters are effected by the un¬ 
equal attraction of the Sun and Moon, but chiefly that of the latter 
object, on the different parts of the Earth. For the discovery of the 
laws by which this general principle of attraction is governed, we 
are indebted to the great Sir Isaac Newton, who has demonstrated 
that the power of attraction diminishes as the distance increases, in 
proportion to the squares of those distances. 

Now it is evident by the above law, that those parts of the earth 
nearest the moon are more attracted by her than the central parts, 
and that the central parts will be more attracted than those which 
are farthest from her, and therefore the distance between the Earth’s 
center and the waters upon its surface under and opposite to the 
Moon, will be increased; so that if the Earth's surface were covered 
with water, it would assume a spheroidal, or egg-like figure, the 
longest diameter of which would be directed to tne Moon’s center. 
Hence those parts of the Earth directly under and opposite the 
Moon, that is, where the Moon is in the zenith and nadir, will 
have the flood or high water at the same time ; while those parts at 
90 degrees distance, or where the Moon appears in the horizon, will 
have the ebb or lowest water at that time. As the Moon appa¬ 
rently shifts her position from east to west in going round the Earth 
every day, the longest diameter of the spheroid following her 
motion, occasions two floods and ebbs, in about every 24 hours 
and 49 minutes, which is the length of a lunar day, or the interval 
between the Moon’s passing the meridian of any place, and return¬ 
ing to the same again. 

The Earth’s diameter bears a considerable proportion to its dis¬ 
tance from the Moon, but is next to nothing when compared to its 
distance from the Sun ; therefore the difference of the Sun's attrac¬ 
tion on the sides of the Earth under and opposite to him, is much 
less than the difference of the Moon’s attraction on the sides of the 
Earth under and opposite to her, and consequently the Moon must 
raise the tides much higher than they can be raised by the Sun. 

From this theory it may be thought the tides ought to be highest 
dirgctly under and opposite the Moon. But we find, that in open 
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seas, where the water flows freely, the Moon is generally past the 
meridian when it is high water* *Pbe reason is obvious; for though 
the Moon’s attraction were to cease altogether, when she was past 
the meridian, yet the motion of ascent communicated to the water 
before that time, would make it continue to rise for some time 
after; much more must it do so when the attraction is only some* 
thing diminished. 

The tjmes of high water do not always answer to the same dis¬ 
tance of the Moon from the meridian at the same places; but are 
variously effected by the action of the Sun, which orings them on 
sooner when the Moon is in her first and third quarters, and keeps 
them back later when she is in her second and fourth; because in 
the former case, the tide raised by the Sun alone would be earlier 
than the tide raised by the Moon, and in the latter case, later. 

When the Moon is in perigee, or at her nearest distance from 
the Earth, she attracts strongest, and therefore raises the tides most; 
the contrary happens when she is in apogee , or at her greatest disr 
tance from the Earth, because pf her weaker attraction. At new 
Moon, when the Moon is in conjunction with the Sun, the tides are 
raised by the joint attractions of both luminaries, and therefore will 
be highest; the same is the case at full Moon, when the Sun and 
Moon are ip opposition ; for whilst the Moon raises the tides under 
and opposite her, the Sun acting in the same line, raises the tides 
under and opposite to him> whence their conjoint effect is the same 
as at the change,and in both cases occasions what are called spring 
tides . But at the quarters the Sun raises the tides where the Moon 
depresses their^ and depresses them where they would be raised by 
the Moon ; hence it is the difference of their actions that produces 
th6 tides at the quarters, and these are called neap tides. But these 
tides do not happen till a day or two after the above tjmes, because 
in this, as in otner cases, the effect is not greatest or least when the 
immediate influence of the cause is greatest or least, but some time 
afterward. 

The Sun being nearer the Earth at the beginning, than at apy 
other time pf the year, its attraction will then be most powerful, and 
of course, about January the spring tides will be greater than at any 
other time, and greatest of all if tne Moon at the same time should 
happen to be in perigee. 

When theMoon is in the equinoctial, the tides are equally high ip 
both parts of the lunar day, hut as the Moon declines from the equi¬ 
noctial towards either pole, the tides are alternately higher aqd 
lpwer at places having north or south latitude. Whilst the Mopn 
has north declination, the greatest tides in the northern hemisphere 
are when she Is above the horizon, and the reverse whilst her decli¬ 
nation is south. 

The tides rise higher at any place in proportion as the Moon iq 
nearer to the zenith or nadir of that place at the time of her passing 
the meridian, because the action of the Moon is there strongest; 
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hence the tides are greater between the tropics than any other parts, 
and less near the poles. 

All the above particulars would exactly obtain were the whole 
surface of the Earth covered with deep water; but since there aTe a 
multitude of islands besides continents lying in the way of the tide 
which interrupt its direct course, there arise a great variety of other 
appearances which require particular solutions, wherein the situation 
of the shores, straits, shoals, winds, and other things, must be 
considered. For instance, a9 the sea hasno known passage between 
Europe and Africa, let them be supposed one continent extending 
from Weigate Straits, in latitude 78° north, to the Cape of Gooa 
Hope, in latitude 54° south; the middle of these two would be in 
about 19° north, near Cape Blanco on the west coast of Africa. 
But it is impossible the flood-tide should set to the westward upon 
the western Coast of Africa (for the general tide following the course 
of the Moon must set from east to west) because the continent for 
above 50 degrees, both northward and southward, bounds that sea 
on the ea*t; therefore, if any regular tide, proceeding from the 
motion of the sea, from east to west, should reach this place, it must 
come either from the north of Europe southward, or from the south 
of Africa northward. 

This opinion is further corroborated, or.rather fully confirmed by 
common experience, which shews that the flood sets to the south¬ 
ward along the west Coast of Norway, from the North Cape to the 
.Naze, or entrance of the Baltic Sea, and so proceeds to the south¬ 
ward along the east Coast of Great Britain, and in its passage sup¬ 
plies all those ports which lie in its way one after another. The 
Coast of Scotland has the tide first, because it comes from the 
northward to the southward. On the full and change days it is higb 
water at Aberdeen at Oh. 45m. ; but at Tinmouth-Bar not till 3h. 
rolling thence to the southward, it makes high water at the Spurn ar 
little after 5h; at Yarmouth roads a little after 8h.; at Hurwichr 
1 ih 30m.; at the Nore a little after l£h. and at London at2h. 46m. 
all in the same day. And although this may seem to contradict the 
hypothesis of the natural motion of the tides being from east to 
west, yet as no tide can come west from the main continent of Nor¬ 
way or Holland, it is evident the tide we have been tracing, by its 
several stages from Scotland to London, is supplied by that tide, the 
original motion of which is from east to west. As water always in¬ 
clines to its level, it will in its passage fall to any other point of the 
compass to fill up vacancies where it finds them; and yet not con¬ 
tradict, but rather con fimr the hypothesis. 

From these circumstances it is evident that the direct course of 
the waters from east to west being interrupted by the land lyitig in 
their way, they are often obliged to make a long circuit; and to fiovif 
in various directions; whence the setting of tbe^tid&dhd'thg times 
of bighwiateearfe diffferent at different place*. 

Y2 
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Lakes pnd inland seas, such as the Caspian Sea, the Mediter¬ 
ranean, and the Baltic Seas, have little or no sensible tides, for they 
are usually so small that the attractive influence of the Sun and 
Moon is nearly equal at both extremities, and cannot therefore sen-r 
sibly affect the water. * 

When the time of high water at any place is mentioned gene¬ 
rally, it is to be understood of the time when it is high water at 
that place on the day of new or full Moon ; or the time past noon 
when it is high water on the day on which the Sun and Moon are 
together on the meridian of the place. Among pilots it is cus¬ 
tomary to reckon the time of flood or high water by the point of the 
compass the Moon is supposed to bear on at that time, allowing 
three quarters of an hour for each point. In places where it is flood 
at noon on the days of full and change, the tide is said to flow north 
and south, or at 12 o’clock. In places where the Moon is supposed 
to bear 1, 2, 3, 4, or more points to the cast or west of the meridian, 
when it is high water on the same day, the tide is said to flow on 
such a point: so if the Moon is supposed to bear S E. at flood, it is 
said to flow S.E. andN.W.or3 hours before the Moon comes to the 
meridian, that is, at 9 o’clock ; if she bears S.YV. it flows S.W, and 
N.E. or at 3 hours after the southing, and in like manner for other 
points of the Moon’s bearing. But this absurd custom of reckoning 
the tides by the bearing of the Moon should he exploded as founded 
in error; for the Moon takes a greater or less portion of time in 
passing over any given number of points of the compass 

In some places it is high water on the shore, or by the ground, 
while the tide continues to flow in the stream or offing; and accord-* 
ing to the length of time it flows longer in the stream than on the 
shore, it is said to flow tide, and such part of tide, allowing 6 hours 
to a tide. Thus 3 hours longer in the oiling than on the shore, 
makes tide and half tide; an hour and a half longer makes tide and 
quarter tide; three quarters of an hour longer makes tide and half 
quarter tide, &e. 

The common method of finding the time of high water at any 
place is contained in the following particulars. 

Of Leap Year. 

The length of the solar year being nearly 305 days 6 hours, and 
the common year containing only 3()5 days, one day is added every 
fourth year to the month of February, making that year contain 
366 days, which is called bissextile, or leap year, and is found as 
follows: 

To find the Leap Year . 

RpLE. Divide the given year by 4, and if there be no remainder 
it is leap year; but if 1, 2, or 3 remain, they shew that it is so 
many years after leap year. 

Example. The year 1809 divided by 4, gives 452, and the re¬ 
mainder l, which shews that it is the first year after leap year. 
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' Of the Golden Number. 

The Moon is observed to go through all her variety of aspects, 
v/ith respect to the Sun, in the course of 19 years, so that at the end 
of that period, which i 9 called the lunar cycle, the new and full 
Moons return on the same days of the Month, and nearly at the 
same hours. The year of the lunar cycle is called the Golden 
number (from its having been formerly annexed to the Calendars in 
golden characters) and at the birth of Christ was 1; hence the follow¬ 
ing rule . 

To find the golden N umber. 

Rule. Add 1 to the given year and divide the sum by 19; the 
remainder will be the golden number. 

Example. Required the golden number for the year 1 R 09 . 

Add 1 to the year 1809 and it makes 1S10; this divided by 19, 
gives 93 for the quotient, and leave 3 for the remainder, which is 
the golden number for the year 1809. 

Of the Epact. 

The Epact is the Moon’s age at the beginning of the year: it in¬ 
creases li every year, being the excess of the solar year of 36.5 
days, above the lunar year of 354 days, or 12 lunations, and goes 
through all its varieties" in a period of 19 years: hence it happens 
that the same golden number has always the same epact, that is, 
when the golden number is 1, the epact is 0; when 2, the epact is 11; 
when 3, 22; &c. and as the golden number at the birth of Christ 
was I, we have the following general rule 

To find the Epact . 

Rule. Divide the given year by 19; multiply the remainder by 
11 , and the product will be the epact, if it does not exceed 29; but 
if it docs, divide the product by 30, and the last remainder will be 
the epact. 

Example. Required the Epact for the year 1809. 

1809, divided by 19, gives 95 for the quotient, and 4 for the re¬ 
mainder, which multiplied by 11 gives 44; this, divided by 30, 
gives the quotient 1, and the remainder 14; which remainder is the 
epact for the year I 8 O 9 . 

Of the Number for the Month; 

The Number, or Epact for the month, is the Moon’s age at the 
beginning of that month, when it is new Moon on the first of 
January; hence. 

To find the number for any given month. 

Rule. Divide the number of days contained in the preceding 
months, reckoning from the beginning of January, by 29*5, or 
rather 29*33 (the period of a mean lunation in days and decimal 
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parts) and the nearest whole number to the remainder is the Epact, 
or number for the month required. 

Example. Required the Number, or Epact, for September. 

The days contained between the beginning of January and the 
beginning of September are 243; this number, divided by 29 . 53 , 
gives the quotient 8, and the remainder 6.76 or 7 nearly, which is 
the Epact for September. 

The Epacts, or Numbers for each month, are as follow. 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Not. Dec. 

In common years ..01 o 1 2 3 4 5 7 7 9 9 

In leap year*. 02 I 2 3 4 5 6 8 8 10 10 

Of the Moon’s Age. 

TheMoon’s age is the number of days that have elapsed since the 
last change, or the new Moon, and never exceeds 30. 

To find the Moons Age. 

Rule. To the epact for the year add the number for the month 
and the day of the month; the sum, if it does not exceed 30, is 
the Moon’s age; but if it docs, subtract 30 from it and the remainder 
will be the Moon’s age. 

Example. Required the Moon’s age on July 26 , 1808. 


19)1808(95 

Epact for 1808 

3 

171 

Number f t the month 

5 

* ^8 

Day of the month , 

art 

95 


34 



30 

5 

11 

The Moon’s age . •, 

4 Days 


s 30)33(1 

30 



The Epact for 1808 = 3 

Of the 

Moon’s Southing. 



The Moon’s southing is the time she pas?es the meridian of any 
place, which is about 48 minutes, or 4 of an hour later every day: 
now as the Moon comes to the meridian with the Sun on the day of 
new Moon, the time that she comes to the meridian after the Sun on 
any day of her age is easily found as follows: 

To find the time of the Moon's southing, or passage over the 

meridian * 

RtJLE. Multiply the Moon^s age by 4, and divide the product by 
5; the quotient will be the hours, and the remainder multiplied by' 
12, the minutes past noon that the Moon comes to themeridian. Or 
multiply the Moon’s age by 8, and point off the right hand figure, 
then the left hand figure or figures will be the hours, arid the pro¬ 
duct’of the right'hand figure by 6, the nlinutes past noon of the 
Nihon's southing. If* tbe^hotirs excreed' 12, subtract*that* time frriitt' 
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them, and the remainder will be the time of the Moon’s southing 
after midnight. 

Example I. Required the time of the Moon’s southing, Aug. 2, 
1808 . 

Epactfor 1808 . 3 Moon’s age . . if Days > 

Number for the month ♦ 6 4 

Day of the month . * ~ T 

- 5 ) 44(4 

Moon’s age . . 11 Days 1* 

Moon’s southing . 8h. 48m* P.M. 

Example II.' At what time will the Moon pass the meridian, 
Octobers, 1809? 

Epact for 1809 = 14 Moon’s age . . 16 Days 

Number for the month 7 8 

Day of the month . 5 0 

_ 20,5 

Moon’s age • 26 Days 6 

Moon passes mend, aoh 48m. P.M* 

12 o 


Or 8h 48m. A.M. 

To find the time of high water at any place on any given day of th$ 

Moon's age . 

method 1. 

Rule. To the time of the Moon’s southing on the given day add 
the time of high water at the given place on the full and change 
days; (taken from Table XLI.) their sum is the time of high water 
at the place, past noon on the given day. If this sum exceed 12 
hours 24 minutes, which is the interval between each succeeding 
tide, subtract 12 hours 24 minutes from it; or if it exceed 24 hours 
48 minutes, subtract 24 hours 48 minutes from it, and the remainder 
will be the time of high water in the afternoon of the given day. 

Example 1. Required the time of high water at London, 


Moon’s age June 25, 1806 . 9 Days 

4 

5 ) 36(1 

Moon's southing . 7h 12m. 

Time at Loudon (Table XLI.) 2 46 


June 25 , 1806 . 
Epact for 1806 

A 

. II 

Number for June 

3 

Pay of the month 

. *5 


39 


30 

Moon’s age 

9 Days 


Example IT. 
April 11, 1808? 

Epact for 1808 
Number for April 
Day of tfe« month 

Mo9n*t age 


High water at London . 9 58 

At what time will it be 


high water in the Downs, 


3 

a 

IX 

16 Days 


Moon’s age, April 11, 1808 


16 Days 
8 


iah 48m. 

Time at) Downs (Table XLI) 11 o 
23 48 

Subtract tbe time of atide = 12 24 
High water in the Downs 11 24 
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The preceding method of finding the time of high water, which is 
that usually practised at sea, is founded on the supposition that the 
interval between the Moon’s passing the meridian and the time of 
high water is always the same; but we have already observed, in 
the theory of the Tides, that the Sun brings on the tides sooner in 
the first and third quarters of the Moon, and later in the second 
and fourth quarters, than if they were produced by the influence of 
the Moon only: hence it will be subject to an error on this account; 
besides which the Moon’s age, as found above, will frequently be 
more than a day, and the Moon’s southing above an hour wide 
of the truth. We have therefore given a second and third method; 
the second will be found very expeditious and easy, but the third, 
depending on the Moon’s passage over the Meridian, as given in 
the Nautical Almanac, is recommended, as it will seldom deviate 
many minutes from the truth, unless when the tides are greatly in¬ 
fluenced by the winds. A fourth method will likewise be found in 
the explanation to table XII. pageiv. 


Table A. Table B. 


YEARS 

MONTHS. 

CORRECTIONS 

To be added to tbc Time of 

Hi eft Water, at full and 

change. 

Jan. 

Feb. 

Apr. 

Mar. 

May 

June 

July 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1805 

0 

1 

O 

2 

3 

4 

5 

7 

9 

1806 

II 

12 

II 

13 

14 

15 


18 

20 

1807 

22 

. 

23 

5 

22 

24 

3 5 

26 

27 

29 

1 

m 


H 

□ 

COIT. 

1808 

3 

4 

6 

7 

8 

9 

ti 

13 

1809 

14 

15 

14 

16 

l 7 

18 

19 

21 

E 

0 

1 

2 

3 

4 

l 

l 

9 

10 

h. m. 
0 0 

0 36 
l 11 

1 46 

2 21 

3 1 

3 44 

4 37 

5 40 

6 58 

8 14 

9 17 

10 9 

10 53 
u 33 
12 8 

16 

3 

19 

20 

21 

22 

23 

24 

25 

26 

3 

Ik 

1). HI. 

12 8 

J2 45 

*3 *9 
*3 54 

14 3 ° 

15 11 

15 56 

16 51 

18 0 

19 18 

20 31 

21 3 * 

22 21 

23 3 

23 42 

24 ' 0! 

1810 1 

25 ! 

26 

25 

27 

28 


0 

2 

B 

1811 

6 

7 

6 

8 

9 

10 

11 

13 

15 

1812 

*7 

19 


20 

21 

22 

23 

25 

27 

1813 

28 

29 

28 

0 

1 

2 

3 

5 

7 

1814 

9 

10 

9 

11 

12 

13 


! 

18 

11 

12 

12 

1815 

20 | 

21 

20 

22 

23 

24 

H 

1 

1 

14 

15 
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METHOD II. 


Hole. To the number found in Table -A, answering to the given 
j’ear in the left side column, and the given month at the top, add 
the da)' of the month ; the 9ura will be the Moon's age on the given 
day, if it does not exceed 30; but if it does, subtract 80 from it, 
and the remainder will be her age: then opposite the Moon's age, 
in Table B. will be found a number of hours and minutes, which 
added to the time of high water at the given place on fall and 
change days, their sum will be the time of high water at the place 
past noon on the given day, from which subtract 12b. $&4in* or 
24h. 48m. as before, if it exceeds those times. 

Example 1. Required the time of high water at London, on 
June 23, 1806. 

In Table A. opposite 1806, and under June, stands the number 
14, to which add 25* the day of the mouth, their sum is 39, from 
which subtract 30, and the remainder 9 i9 the Moon’s age. Now 
in Table B, opposite the Moon's age 9, stands 6b. 58m, to which 
add 2h. 46m., the time at London on full and change days, (taken 
from Table XU ) their sum 9h. 44m. is the time of* high water at 
London on June 25, 1806, in the afternoon. 

Example IL At what time will it be high water in the Downs on 
April 11, 1808? 


The Moon’ll age. by Table A. if i6l . 
days, opposite to which in Table B it j * 
High water in the Downs full &, change 11 O 


*3 45 

12 24 


High Water in the Downs, Apr. ll, 180S n ai 
METHOD > 111 . 

* 

Bole. Find the timfe of the Moon’s 
passing the meridian on the given day, 
in page VI. of the Nautical Almauac; 
witn this time enter Table C, and 
take out the corresponding correction, 
which, add to or subtract from the 
above time, as directed in the Table; to 
this sum, or remainder, add the time of 
high water at the given place on full 
aud change days, and the sum will be 
the time of hign water past noon of the 
given day. But if the sum exceed 
12h. 24m. or 24h. 48m. subtract those 
times from it, and the remainder will be 
the time of high water in the afternoon. 

Z 



r 

rA 8 I»E 

G 

. 


| ])’« pass, 
lover mend. 

Corrections 

D’s pass. 1 
over in* rid. 1 

h. 

ia» 

b. 

ID. 

b. 

m. 

o 

0 

Sub. 0 

0 

12 

Q 

0 

30 

0 

8 

12 

30 

i 

0 

0 

15 

*3 

0 

i 

30 

0 

24 

*3 

30 

1 

o 

0 

33 

14 

0 

s 

30 

0 

4 1 

*4 

30 

3 

o 

0 

5 ° 

*5 

9 

3 

30 

0 

57 

*5 

3 ° 

4 

o 

1 

3 

x 6 

0 

4 

30 

1 

l 

16 

3 * 

5 

0 

1 

*7 

9 

i 

30 

I 

6 


30 

0 

X 

0 

0 

6 

30 

0 

50 

iS 

30 

7 

. 0 

Q 

30 

*9 

0 

l 

30 

0 

*4 

19 

30 

0 

Add 0 

3 

00 

0 

8 

30 

0 

14 

00 

30 

9 

0 

Q 

22 

01 

0 

9 

30 

0 

04 

01 

30 

IO 

0 

0 

23 

so 

a 

xo 

30 

t 0 

01 

12 

30 

XI 

0 

0 

15 

23 

0 

ii 

30 

0 

9 

23 

30 

12 

0 

0 

0 

24 

0 
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Note. If the longitude of the place be considerable, and great 
accuracy be wanted, the time of the Moon’s passage over the meri¬ 
dian of Greenwich, as given in the Nautical Almanac, must be re¬ 
duced to the time of her passing the meridian of the given place, by 
Table XVI.; see the explanation to that Table, page ix. 

Example I. Required the time of high water in Falmouth 
Harbour on January 22, 1809. 

Moon’s passage over the meridian by Nautical Almanac . . . 5h. 5m. 

Correction for that time, from Table C, to be subtracted .*.18 


Time of high water at Falmouth, full and change, by Table XLI. 

High water at Falmouth after noon, Jan. 22, 1809 .... 

Example II. Required the time of high water at Macoa 
gitude 113° 37' E. on September 19 , 1809. 

Moon’s passage over the meridian of Greenwich by Nautical Almanac 
Correction to daily var. 55m. and longitude 113= 37' E. (Table XVI.) • 

Time of Moon's passing the meridian of Macoa ..... 
Correction to that time from Table C, to be added .... 


Time of high water at Mccoa, full and change, by Table XLI. 


3 

57 

5 

45 

9 

4 - 

, in 

Ion- 

Sit. 

4<an 

— 

17 

s 

zS 

+ 

H 

8 

42 

P 

50 

18 

32 

12 

24 


High water at Macoa after noon Sept. 19, 1809 . ... . . 68 


To find the time of high water at a given place on full and change 
days , when the time of high water is known at that place on any 
other day . 

Rule. Reduce the time of the Moon’s passing the meridian of 
Greenwich, found in page VI. pf the month in the Nautical Al¬ 
manac, to the time of her passing over the meridian of the given 
place, by Table XVI.; to this time apply the correction Iroiu 
Table C, as there directed ; the difference between this corrected 
time and the observed time of high water, will be the time of high 
water at the given place on full and change days. 

Example. Suppose that in the Harbour of Rio Janeiro, in South 
America, on June 19 , 1809, the time of high water should he at 
8h. 25 m. in the afternoon : required the time of high water on the 
days of new and full Moon. 

Moon’s passage over the meridian of Greenwich by Nautical Almanac . 4I1. 57m. 

Correction to daily var. 47m. anddbngitude 43 0 11' W. (Table XVI.) 4- 0 


Time of the Moon’s passing the meridian of Rin Janeiro ... 5 3 

Correction to that time from Table C, to be subtracted ...18 

3 

Observed time of high water.825 

Time of high water at Rio Janeiro on full and change days ... 4 30 
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DESCRIPTION, and USE 

OF 

HADLEY's QUADRANT. 


It is generally allowed that we are indebted to John Hadley, Esq. 
for the invention, or at least for the first public account of that 
admirable instrument, commonly called Hadley’s Quadrant, who 
in the year 1731, first communicated its principles to the Royal 
Society, which were by them published soon after in their Philoso¬ 
phical Transactions ; before this period, the Cross Staff and Davis’s 
Quadrant were the only instruments used for measuring altitudes at 
sea, both very imperfect and liable to considerable error in rough 
weather; the superior excellence however of Hadley’s Quadrant, 
soon obtained its general use among seamen, and the many improve¬ 
ments this instrument has received from ingenious men at various 
times, has rendered it so correct, that it is now applied, with the 
greatest success, to the important purposes of ascertaining both the 
latitude and longitude'at sea. 

Figure 1, Plate VIII. is a representation of Hadley’s Quadrant; 
the principal parts of which are, the Octant, or Frame abc ; the 
Arch, or Limb bc ; the Index n; the Nonius, or Vernier Scale e j 
the Index Glass F; the Fore Horizon Glass g ; the Back Horizon 
glass ii; the Shades, or Dark Glasses i; and the Sight Vanes k 
and l. 

The Octant or Frame, is generally made of ebony, or other 
hard wood, and consists of an arch firmly attached to two radii, or 
bars ab, ac, which are strengthened and bound by the two braces m 
and N, in order to prevent it from warping. 

The Arch, or Limb, although only the eighth part of a circle, 
is on account of the double reflection, divided into 90 degrees, 
numbered 0, 10, 20, 30, &c. from right towards the left; these are 
subdivided into 3 parts, containing each 20 minutes, which are again 
subdivided into single minutes, by means of a scale at the end of 
the Index. The arch extending from 0 towards the right hand is 
called the arch of excess. 

The Index is a flat brass bar, that turns on the center of the 
instrument; at the lower end of the Index there is an oblong open¬ 
ing : to one side of this opening a Nonius scale is fixed to subdivide 
the divisions of the arch ; at the bottom, or end of the Index, there 

Z 2 
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is a piece of brass which bends under the arch, carrying aspring to 
make the Nonius scale lie close to the divisions; it is also furnished 
with a screw to fix the Index in any desired position. 

Some instruments have an adjusting, or tangent-screw , fitted to the 
Index, that it may be moved more slowly, and with greater regu¬ 
larity and accuracy than by the hand ; it is proper, however, to 
observe,* that the Index must be previously fixed near its right 
position by tlie above-mentioned screw, before the adjusting screw 
is put in motion. 

The Nonius is a scale fixed to the end of the Index for the pur¬ 
pose, as before observed, of dividing the subdivisions on the Arch 
into Minutes; it sometimes contains a space of 7 degrees, or 21 
subdivisions of the limb, and is divided into 10 equal parts; hence 
each division on the Nonius will be one-twentieth part greater, that 
Is, one minute longer than the divisions on the Arch ; consequently, 
if the first division of the Nonius, marked 0, be set precisely op¬ 
posite to any degree, the relative position of the Nonius aud the 
Arch must be altered one minute before the next division on the 
Nonius will coincide with the nextdivision on the Arch, the second 
division will require a change of 2 minutes, the third of 3 minutes, 
and so on, tiil the 20th stroke on the Nonius arrives at the next 20 
minutes on the Arch ; the 0 on the Nonius will then have moved 
exactly 20 minutes from the division w hence it set out, and the in¬ 
termediate divisions of each minute, have been regularly pointed 
out by the divisions of the Nonius. 

Thedivisionsof the Nonius scale are in the above case reckoned from 
the middle towards the right, and from the left towards the middle; 
therefore the first 10 minutes are contained on the right of the 0, 
End the other JO on the left. But this method ot reckoning the 
divisions being found inconvenient, they are more generally counted, 
beginning from the right-hand towards the left; and then 20divisions 
on the Nonius arc equal to 19 on the limb, consequently one division 
on the Arch will exceed one on the Nonius by one-twentieth part, 
that is, one minute. 

The Oon the Nonius, points out the entire degrees and odd twenty 
minutes subtended by theobjects observed; and if it coincides with 
a division on the Aren, points out the required angle; thus, suppose 
the 0 on the Nonius stands at 25 degrees, then 25 degrees will be the 
measure of the angle observed; if it coincides with the next divi¬ 
sion on the left hand, 25 degrees 20 minutes is the angle; if with 
the second division beyond 25 degrees, then the angle will be 25 
degrees 40 minutes; and so on in every instance where the 0 on the 
Nonius coincides with a division on the Arch ; but if it does not 
coincide, then look for a division on the Nonius that stands directly 
opposite to one on the arch, and that division on the Nonius gives 
the odd minutes to be added to that on the Arch nearest the right- 
hand of the 0 on the Nonius; for example, suppose the Index 
division does not coincide with 25 degrees, but that the nextdivision 
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to it on the Nonius is the first coincident division, then is the re- % 
quired Angle 25 degrees 1 minute; if it had been the second division, 
the Angle would have been 25 degrees 2 minutes, and so on to 20 
minutes, when theO on the Nonius would coincide with the first 20 
minutes on the Arch from 25 degrees. Again, let us suppose the 
0 on the Nonius to stand between 50 degrees and 50 degrees 20 
minutes, and that the 15th division on the Nonius coincides with a 
division on the Arch, then is the angle 50 degrees 15 minutes. 
Further, let the 0 on the Nonius stand between 45 degrees 20 minutes 
and 45 degrees 40 minutes, aud at the same time the 14th division 
on the Nonius stands directly opposite to a division on the Arch, 
then will the Angle be 45 degrees 34 minutes. 

The Index Glass is a plane speculum, or mirror of glass quick* 
silvered, set in a brass frame, and so placed that the face of it is 
perpendicular to the plane of the instrument, and immediately over 
the center of motion of the'Index. This mirror being fixed to the. 
Index moves along with it, and has its direction changed by the 
motion thereof. 

This glass is designed to reflect the image of the Sun, or any 
other object, upon either of the two horizon glasses, from whence 
it is reflected to the eve of the observer. -The brass frame, with the 
glass, is fixed to the Index by the screw r ; the other screw s serves 
to place it in a perpendicular position, if by any &ccideut it has been 
put out of order 

The Horizon Glasses are two small speculuras on the radius 
a B of the Octant; the surface of the upper one is parallel to 
the Index glass when the 0 on the Nonius is at O on the Arch ; 
these mirrors receive the rays of the object reflected from the 
Index glass, and transmit them to the observer. The fore horizon 
glass g is only silvered on its lower half, the upper half being trans¬ 
parent, in order that the direct object may be seen through it. The 
back Horizon glass h is silvered at both ends; in the middle there 
is a transparent slit, through which the Horizon may be seen. Each 
of these glasses is set in a brass frame, to which there is an axis; 
this axis passes through the wood work, and is fitted to a lever on 
the under side of the quadrant, by which the glass may be turned 
a few degrees on its axis, in order to set it parallel to the Index 
glass. 

To set the glasses perpendicular to the plane of the quadrant, 
there are two sunk screws, one before and one behind each glass: 
these screws pass through the plate on which the frame is fixed into 
another plate, so that by loosening one and tightening the other 
of these screws, the direction of the frame, with its mirror, may 
be altered, and thus be set perpendicular to the plane of the in- 
•irument. 

The Dark Glasses, or Shades, are used to prevent the bright 
rays of the Sun, or the glare of the Moon, from hurting, the eye at 
the time of observation; there are generally three of them, two red, 
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am! one green, They are each set in a brass frame which turns on a 
center, so that they may be used separately or together, as the 
brightness of the object may require. The green glass may be 
used also alone, if the Sun be very faint; it is likewise used in taking 
observations of the Moon ; when these glasses are used for the fore 
observation, they are fixed as in Figure 1, but for the back obser¬ 
vation they arc removed to o. 

The Sioht Vanes arc pieces of brass, standing perpendicular to 
the plane of the instrument: that one which is opposite the fore 
horizon, is called the fore Sight Vatic , the other the back Sight 
Pane. There are two boles in the fore Sight Vane, the lower of 
which, and the upper edge of the silvered part of the fore Horizon 
glass, are equidistant from the plane of the instrument, and the other 
is opposite to the middle of the transparent part of that glass; the 
back Sight Vane has only one hole, which is exactly opposite to the 
middle of the transparent slit in the Horizon glass to which it 
belongs.. 

ADJUSTMENTS of HADLEY’S QUADRANT. 

The several parts of the Quadrant being liable to be out of 
order from a variety of accidental circumstances, it is necessary to 
examine and adjust them, so that the instrument may be put into si 
proper state, previous to taking observations. 

An instrument properly adjusted, must have the Index glass and 
Horizon glasses perpendicular to the plane of the Quadrant; the 
plane of the fore Horizon glass parallel, and that of the back Ho¬ 
rizon glass perpendicular to the plane of the Index glass, when the 
0 on the Nonius is at 0 on the Arch; hence the Quadrant requires 
five adjustments, the first three of which being once made, are not 
so liable as the last two to be out of order; however they should all 
be occasionally examined in case of an accident. 

I. To set the Plane of the Index Glass perpendicular to that of the 

Instrument. 

Place the Index near to the middle of the Arch, and holding the 
Quadrant in a horizontal position, with the Index glass close to 
the eye, look obliquely down the glass, in such a manner that you 
may see the Arch of the Quadrant by direct view, and by reflection 
at the same time; if they join in onedirect line, and the Arch seen 
by reflection forms an exact plane, or strait line, with the Arch seen 
by direct view, the glass is perpendicular to the plane of the Quad¬ 
rant; if not, it inust be restored to its right position by loosening 
the screw r, and tightening the screw s, or vice versa, by tighten* 
ing the screw s, and releasing the screw n. 

II. To set the Fore Horizon Glass parallel to the Index Glass, the 

Index being at 0. 

Set the 0 on the Nonius exactly against 0 on the Arch, and fix 
it there by the screw at the under side. Then, holding the Quadrant 
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vertically, with the Arch lowermost, look through the Sight Vane k, 
at the edge of the sea, or any other well defined and distant object. 
Now, if the Horizon in the silvered part exactly meets, and form* 
one continued line with that seen through the unsilvered part, the 
Horizon glass is parallel to the Index gl ass. But it the Horizons do 
not coincide, then loosen the button-screw in the middle of the 
lever, on the under side of the Quadrant, and move the Horizon 
glass on its axis, by turning tbe nut at the end of the adjusting 
lever, till you have made them perfectly coincide; then fix the 
lever firmly in this situation by tightening the button screw. This 
adjustment ought to be repeated before and after every observation. 
Some observers adopt the following method, which is called finding 
the Index error . l^t the Horizon glass remain fixed, and move the 
ludex till the image aud object coincide; then observe whether O 
on the Nonius agrees with 0 on the Arch, if it docs not, the number 
of minutes by which they differ is to be added to the observed alti¬ 
tude or angle, if the 0 on the Nonius he to the right of the 0 on 
the Arch, but if to the left of the 0 on the limb it is to be sub¬ 
tracted. 

It has already been observed, that that part of the Arch beyond 
O, towards the right-hand, is called the Arch of excess : the Nonius, 
when the 0 on it is at that part, must be read the contrary way, 
or which is the same thing, you may read off the minutes in the 
usual way, and then their complement to 20 minutes will be the 
real number, to be added to the degrees and minutes pointed out by 
the 0 on the Nonius. 

I1T. To set the Fore Horizon Glass perpendicular to the Plane of 

the Quadrant . 

Having previously made the above adjustment, incline the Quad¬ 
rant on one side as much as possible,provided th£ Horizon continues 
to*be seen in both parts of tne glass; if when the instrument is thus 
inclined, the edge cf the sea seen through the lower hole of the 
Sight Vane continues to form one unbroken line, the Horizon glass 
is perfectly adjusted ; but if the reflected Horizon be separated from 
that seen by direct vision, the speculum is not perpendicular to the 
plane of the Quadrant: then if the limb of the Quadrant is in¬ 
clined towards the Horizon, with the face of the instrument up¬ 
wards, and the reflected sea appears higher than the real sea, voa 
must slacken the screw before the Horizon glass, and tighten that 
which is behind it; but if the reflected sea appears lower^ the con¬ 
trary must be performed. Care must be always taken in this adjust¬ 
ment to loosen one screw before the other is screwed up, and to 
leave the adjusting screws tight, or so as to draw with a moderate 
force against each other. 

This adjustment may be also made by the Sun, Moon, or a Star; 
in this case the Quadrant is to be held in a vertical position; if the 
image seen by reflection appears to the right or left of the object 
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seen directly, then the glass must be adjusted as before by the two 
screws: this will be further explained in the use of the Sextant. 

It will be necessary, after having made this adjustment, to examirie 
if the Horizon glass still continues to be parallel to the Index glass, 
as sometimes by turning the sunk screws the plane of the Horizon 
glass will have its position altered* 

IV. To set the Back Horizon Glass perpendicular to the Plane of 
the Iiidix Glass, Q on the Nonius being at 0 on the Jrch. 

Let the 0 on the Nonius be put as much to the right of 0 on thfc 
Arch as twice the dip (taken from Table V.) amounts t6; hold thef 
Quadrant in a vertical position, and apply the eye to the ba£k Sight 
Vane l; then if the rejected Horizon, which will appear inverted, 
or upside down, coincide with that seen direct, the glass is adjusted; 
otherwise the screw in the middle of the lever on the under side of 
the Quadrant must be slackened, and the nut at its extremity turned 
till both Horizons coincide. 

V. To set the Back Horizon Glass perpendicular to the Plane of 

the Quadrant , • 

This adjustment is performed by holding the Quadrant nearly 
parallel to the Horizon, and directing the sight through the back 
Sight Vane ; then, if the true and reflected Horizons appear in the 
same strait line, the glass is perpendicular to the plane of the in* 
strument, hut if they do not coincide, turn the sunk screws in the 
pedestal of the glass till both appear to form one strait line. 

‘ n USE OF HADLEY’s QUADRANT, 

The use of the Quadrant is to ascertain the Angle subtended by 
two distant objects at the eye of the observer; but principally to 
observe the altitude of a celestial object above the Horizon :• this is 
pointed out by the Index when one of the objects seen by reflection 
is made to coincide with the other, seen through the transparent 
part of the Horizon Glass. 

There are two different methods of observing altitudes with a 
Quadrant; one is when the observer’s face is directed towards the 
celestial body, and it is brought down by reflection to that part of 
the Horizon immediately under it; the altitude is in this case said 
to be taken by a fore observation ; the other method is when the 
observer’s back is towards the object, and it is brought over to the 
opposite part of the Horizon, and is thence called a back observation. 
Thi9 latter method of observing is very seldom used, and is requisite 
only when the Horizon under the object is broken by adjacent 
shores, or rendered indistinct by fogs oi\any other impediments* 
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To take an Altitude of the Sun, Moon, or a Star * by a Fore 06- 

servation . 

Having previously adjusted the instrument* place the 0 on the 
Nonius opposite to 0 on the Arch, and turn down one or more of the 
screens* according to the brightness of the Sun ; then apply the eye 
to the upper hole m the fore Sight Vane* if the Sun’s image be very 
bright, otherwise to the lower* and holding the Quadrant vertically* 
look directly towards the Sun so as to let it be behind the silvered 
part of the Horizon glass* then the coloured Sun’s image will ap* 
pear on the speculum; move the Index forwards till the Sun’s image* 
which will appear to descend* jiist touches the Horizon with its 
lower or upper limb; if the upper hole be looked through* the 
Sun’s image must be made to appear in the middle of the transpa¬ 
rent part of the Horizon* but if it be the lower hole* hold the 
Quadrant so that the Sun’s image may be bisected by the line join¬ 
ing Um silvered and transparent parts of the Horizon glass. 

The Sun’s limb ought to touch that part of the Horizon immedi¬ 
ately under the Sun* but as this point caunot be exactly ascertained* 
it wfll be therefore necessary for the observer to give the Quadrant 
a alow motion from aide to side* turning at the same time upon his 
heel* by which motion the Sun will appear to sweep the Horizon* 
and moat be made just to touch it at the fowestpart ot the Arch; the 
degrees and minutes then pointed out by the Index on the Limb of 
the Quadrant will be the observed altitude of that limb which is 
brought in contact with the Horizon. 

, In this manner the altitude of the Moon* or a Star* may be taken 
by a fore observation* remembering that when the Moon is the ob¬ 
ject, her enlightened side is to be brought to the Horizon* whether 
it be the upper of lower limb. 

When tne meridian or greatest altitude is required, the observa¬ 
tion should be commenced a short time before the object comes to 
the meridian; being brought down to the Horizon* it will appear 
for a few minutes to rise slowly; when it is again to be made to 
coincide with the Horizon by moving the Index forward; this must 
be repeated until the object begins to descend, when the Index is to 
be secured* and the observation to be read off. 

Note. Tor the methods of finding the time of the Moon’s* or a 
Star’s, passing the meridian* see the explanation to Tables XIV. 
andXVl. 

To taki an Altitude of the Sun , Moon , or a Star * by a Back 06- 

sercation. 

Place the dark glasses in the hole near the back Horizon glass* 
aqd turn one or more of them down* according to die brightness of 
the San* then looking through the back Sight Vane towards that 
part of the Horizon opposite the Sun* the Qu&dranbbemg held verti- 
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eallv,move the Index till the Sun’s image is seen on the silvered part 
of the glass, and giving the Quadrant a slow vibratory motion, thd 
Sun will appear to describe an Arch with its convex side upwards; 
bring one of the limbs in contact with that part of the Horizon seen 
through the transparent slit, when it is in the upper part of this 
Arch, and the degrees and minutes pointed out by tne Index, will be 
the altitude of the other litrjb, for in the back observation the image 
of the object is inverted. In the same manner the altitude of the" 
hloon, or a Star, may be taken, observing to bring the enlightened 
limb of the Moon in contact with the Horizon. 

Of finding the Latitude by Observation. 

The latitude, of a place is its distance from the equator, either 
north or south, and is measured by an arch of a meridian contained 
between the zenith and the equinoctial: hence, if the distance 1 of 
any heavenly body from the zenith when on the meridian, and its 
declination, or inumber of degrees and minutes it is to the northward 
or southward of the equinoctial, be given, the latitude may thence 
be found. 

The meridian zenith distance of an object is found either from 
its altitude taken when on the meridian, or from one or two alti¬ 
tudes observed when out of the meridian. 

Altitudes of the Sun or Moon taken at sea require four corrections 
in order to obtain the true altitude of their center: these are for 
semidiameter, dip, refraction, and parallax # . When the altitude of 
a Star is observed, the corrections for dip and refraction only are to 
be applied. The parallax of the Sun or a Planet being but a few 
seconds, is seldom noticed in finding the latitude at sea. ,! 

To find the Latitude of a place by the meridian altitude of the Sum 

Rule. To the observed altitude of the Sun’s lower limb add the 
Sun’s semidiaineter (If) minutes ;) but if the upper limb be observed 
subtract it ; from this sum or remainder subtract the clip answering 
to the height of the eye, found in Table V, when the altitude is 
taken by a fore observation; or add it in a back observation ; aud 
the result will be the apparent altitude of the Sun’s center. t 

From the apparent altitude of the Sun’s center, subtract the re¬ 
fraction answering to that altitude, taken from Table IV , and the 
remainder will be the true altitude of the Sun’s center, which sub¬ 
tracted from 90 ° will give the Sun’s true meridian zenith distance; to 
'be called north or south according as the observer is to the north or 
south of the Sun at the time of observation +. 

• For an explanation of these corrections see page 150, &c. 

•f* It is a custom among seamen to add 11 or 12 minutes to the observed altitude of the 
lower limb (being the difference between the semidiameter and the dip) and to omit the 
correction for refraction altogether j but this neglect will frequently produce an error af 
several miles in the latitude, especially when the meridian altitude is low. 
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Take the Son’s declination from Table IX, and reduce it to the 
meridian of the Ship, (when the longitude is considerable) by 
Table X, noting whether it be north or south. Then if the zenith 
distance and declination be both north or both south, add them to¬ 
gether; but if one be north and the other south, subtract the less 
from the greater, and the sum or difference will be the latitude, of 
the same name with the greater. 

Note. Jf it be required to work the observation to seconds, the 
Sun’s semidiameter is to be taken from page III. of the month in 
the Nautical Almanac; the declination from page II. of the same, 
and the latter reduced to the meridian of the ship by Table XXI. 
When the horizon under the Sun is obstructed by land, the dip i9 to 
be taken from Table VIII. 


EXAMPLE T. 

June 18th, 1806, the meridian altitude of 
the Sun’s lower limb was 43 0 18', the ob¬ 
server being north of the Sun, and his eye 
elevated 18 feet above the surface of the 
sea: required the latitude of the place of 
observation. 


EXAMPLE II. 

September 20, 1808, in longitude 6cP E. 
the meridian altitude of the Sun’s lower 
limb was 56° 26', the observer being south 
of the Sun, and the height of His eye 26 
feet: required the latitude. 


Obs. alt. Sun’s lower limb 

Sun’s semidiameier 

43 18 Obs. alt. Sun’s lower limb - 

4. 16 Semidiameter + idO 

- Dip of hor. — 5 / 

56 26 
+ II 

Obs. alt. Sun’s center 

43 34 

— 

Dip of the horizoQ 

— 4 App. alt. Sun’s center 

56 37 

-- Refraction 

— 1 

App. alt. Sun’s center 

43 3 d 

5 * 3 « 

90 

Refraction 

— 1 True alt. Sun’s center 

True pit. Sun’s center 

43 2 9 

90 Sun’s zenith distance 

. - Sun’s declination 1 0 

33 *4 3 . 
1 9N. 

Sun’s zenith distance 

46 31 N. Corn for long. *f 4 J 

Sun’s declination 

Latitude 

13 »S N. 

■ Latitude 

69 56 N. 

31 15 S. 


EXAMPLE lit. EXAMPLE IV. 

January it, 1808, in longitude n6°W. December25, 1809, in longitude 35° W. 
the meridian altitude of the Sun’s upper limb the meridian altitude of the Sun’s lower 
was 69° 14' south, the observer being about limb, by a back observation, was 16 0 28' 
3 miles from the land under the Sun, and south, the height pf the eye being 20 feet: 
his eye elevated 22 feet: required the lat. required the latitude. 


Obs. alt. Sun’s upper limb - 
Semidiameter - — 16* > 

Dip (table VIII.) — 5 J 

6914 

— ai 

Obs. alt. Sun’s lower limb 
Semidiameter + I6'! 

Dip - + 4 / 

A 28 
+ 20 

App. alt. Suit’s center 

Refraction 

<*"53 

— 0 

App. alt. Suu*s center 
Refraction 

16 48 
— 3 

True alt. Son’s center 

68 53 S. 
90 

True alt. Sun’s center 

16 45 S. 
9 ® 

Sun’s zenith distance 

Sun’s declination , 21° 5/I 
Corn for long. — 3 J 

11 7 N. 
11 34 s. 

Sun’s zenith distance 

Sun’s declination 23° 25 '1 
Corr. for long. 0 J 

73 *5 »• 
13 15 S. 

Latitude 

» 47 3 . Latitude 

A a 2 

49 JON. 
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EXAMPLE V, EXAMPLE VL 

September 23, 1808, io longitude 75° E* April 18, 1800, in longitude 114° W. the 
the meridian altitude of the Sun’s lower meridian altitude of the Sun's upper limb 
limb was 57° 15', the zenith being south of was 76° 8' north, the height of the eye bc- 
the Sun, and the height of the eye 30feet: inf 20 feet: required the latitude, 
required the latitudo. 

Answer, 32 0 3y south. Answer, on the Equator. 

To find the Latitude by the meridian Altitude of a Star . 

Rule. From the'observed altitude of the Star subtract the dip 
and refraction taken from Tables IV. and V. and the remainder will 
be the Stajf$ true altitude, which subtracted from 90° will give the 
zenith distance ; to be called north or south, according as the ob~ 
server is north or south of the Star at the time of observation. Take 
the Star’s declination from Table XV. and reduce it to the time of 
observation *. 

Then, if the zenith distance and declination be both north or 
both south, add them together; but if one be north and the other 
south, subtract the less from the greater, and the sum or difference 
will be the latitude, of the same name with the greater. 

EXAMPLE I. EXAMPLE II. 

January 20, 1809, about 8 o'clock in the July 12* 1809, about 3 o’clock in the 
evening, the meridian altitude of the Star morning, the meridian altitude of the Star 
Aldebaran was 52 0 3#, the observer being Fomalhaut, waa 73 0 36' south, the height of 
north of the Star, and the height of his eye the eye being 24 feet: required the lati¬ 
no feefcs required the latitude of the place tude. - 
by observation. , . , 


Obs. alt. df Aldebaran - 

0 / 

52 36 Obs. alt. of Fomalhaut 

0 

73 3 ^ 

Dip of horizon 

— 4 Dip of horizon - 

— 5 

App.&lt. bf Aldebaran 

52 32 App. alt. of Fomalhaut 

73 3 i 

Refraction v - 

— 1 Refraction - - ' 

6 


- . — j 

»' v 1 - 

True alt. of Aldebaran 

5231 True alt. of Fomalhaut 

90 

73 3 * 

90 

Star’s zenith distance - 

37 29 N. Star’s zenith distance 

16 20 N. 
30 $8 S. 

Star’s declination 

16 7 N. Star's declination - 

Latitude 

53 36 N. Latitude - • - 

14 $£ 


Tofind the Latitude by the meridian Altitude of a Planet. ^ 


Rule. From the observed altitude of the planet subtract the dip 
and refraction, to obtain the true altitude, which subtracted from 
90 ° will give the zenith distance as before, and under this set the 
declination; then the sum or difference of the zenith distance ana 
declination, according as they are of the same, or contrary names* 
will give the latitude of the same name with the greater. 

\Note. The declination of the planets, and the time of ibeir 
passing the meridian* are given in page IV. of each month in the 

♦ Sec explanation to Table XV. 
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Nautical Almanac for every six days; bat may be found for any in* 
termediate day by taking proportional parts. 

EXAMPLE L EXAMPLE IL 

November 19,1809, the meridian altitude March io, 1809, the meridian altitude of 
of Jupiter was 54° 36*, the observer being Mars was 71° 24' 8. the height of the eye 
north of the planet, aad the height of hit being 10 feet: required the latitude, 
eye 17 feet: required the latitude. In page IV. of March, the time of the 

In page IV. of November in die Nautical planet 1 * passing the meridian is about 14b. 
Almanac, the time of Jupiter’s passing the or 2 o'clock in the morning; hia declination 
meridian is 9b. »tn. and his deciiaattoa on the 7th te 7® 49', and on the 13th. 7 0 36* j 
4°48' N. hence the difference in 6 days is 13'* there- 

0 , fore as 6 days : 13' : : 3 days : 6*, which, 
Ohs. alt. of Jupiter - 54 36 subtracted from 7 0 49* (because the decline 

Dip of horizon - - —4 tion is decreasing,) leaves 7® 43', the decli* 

Refraction - — 1 nation.of Mars on March loth. 

True alt. of Jupiter 

Zenith distance 
Declination 

Latitude 


To find the Latitude by the meridian Altitude of the Moon . 

Rule. —1. In page VI. of the month, in the Nautical Almanac, 
find the time of the Moon’s passing the meridian of Greenwich on 
the given day, which reduce to the time of her passing the itaeridian 
of the ship by Table XVI. 

2 . Turn the ship’s longitude into time by Table XIX. and add it 
to the above time, if the longitude be west, but if it be east, sub¬ 
tract it: the sum or difference will be thq time at Greenwich when 
the Moon passes the meridian of the place of observation, which 
call reduced time. 

S. From page VII. of the month, in the Nautical Almanac, take 
out the Moon’s semidiameter and horizontal parallax for the noon, 
or midnight, answering nearest to the reduced time*; and to the 
semidiameter add the Moon’s augmentation taken from Table VII. 

4 . Add the difference between the Moon’s augmented semidia* 
meter and the dip to the observed altitude, if tne lower limb be 
observed ; or subtract their sum if the upper limb was taken; the? 
sum, or remainder, will be the apparent altitude of the Moon’s 
center. 

5. Take out the correction from Table XXX. answering to the 
Moon’s apparent altitude and horizontal parallax, end adait to the 

• In strictness, the Mood's semtdiameter and horizontal parallax should bs reduced ts 
the time of observation by proportional parts; but it will be sufficiently exact in this me¬ 
thod of finding the latitude, to take them out to the nearest noon, or midnight, as di» 
raeted above. 
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apparent altitude ; the sum frill be the true altitude of the Moon’4 
center, which subtracted from 90 degrees, will give the zenith dis¬ 
tance, to be called north or south, according as the observer is north 
or south of the Moon; under this set the declination, taken from 
page VI. of the month, in the Nautical Almanac, and reduced to the 
time of observation by Table XV111. Now the sum or difference of 
the renith distance and declination, according as they are of the 
same, or contrary names, will give the latitude of the place of obser¬ 
vation, of the same name with the greater. 

EXAMPLE I. 


August 22, 1809, in longitude 112° E. the meridian altitude 
of the Moon’s lower limb was 53° 27' S. the height of the eye being 
21 feet: required the latitude. 



h 111 

Moon's hor. parall. at noon 

59' 

Mnou’s southing at Greenwich 
Corr. Table XVI. 

9 49 
— 18 

Ohs. all. Moon's lower limb 

53° 2 7* 

Moon’s southing at ship 

9 3 i 

])’s Sciuidiam.Ht noon \()' 18" 
Augmentation 4- 13 

Longitude in time 

7 -* 

— 


Reduced time 

a 3 

Muon’s nugm. semid. 16 31 1 
Dip of horizon - 4 23 J 

► + 12 

Moon’s declin. at noon 

T 6° 4 2 ; S. 

App. nit. of Moon’s center 

53 39 

at midnight 

15 25 s. 

Corr. Table XXX. 

+ 35 

Vacation in 12 hours 

I 17 

True alt. of Moon’s centrr 

54 14 

Moon's declin. at noon 

0 / 

16 42 s. 


9 ° 

Corr. for 2h. 3m. Table XVIII. 

— 12 

Zenith distance 

'35 4^ N. 

— 

Declination 

16 30 S. 

Moon’s reduced declin. 

16 30 s. 



Lat tilde 

19 16 N. 


EXAMPLE H. 



July 29, 1809, in longitude 28° W. the meridian altitude of the 
oon’slower liuib was79°43'N. the height of the eye being 18 feel: 


required the latitude. 

h m 

Moon’s pass, orer merid.Greenw. 14 37 


Correction Table XVI. - +4 

Moon’s pass, over merid. ship 14 4r 
Longitude in time - 1 5 a 

Reduced time - 16 33 

12 

Ditto aiter midnight - 4 33 

0 * n, 

Moan’s dec. at midn July 29 290. 

at noon, July 30 o 3 N. 

Variation in 11 hours - 2 13 

o ' # 

Moon's dec., at midn. July 29 3 9 S. 

Cerr. for 4b. 33m. Table XVIII. — 50 

I 19 S. 


Moon’s hor. parall. at midn. 

5 /' 57 ' 

Ohs. alt. Moon’s lower limb 
]) ’s v-niidiain. at midn. 15 ' 47 ^ 
Augmentation -f- 15 

O / 

79 43 

D ’1 augtn. semid. j6 2I 

Dip of horizon 4 4/ 

+ lit 

App. alt. Moon’s center 
Correction, Table XXX. 

79 55 
+ 10 

True alt. Moon’s center • 

80 5 

90 

Zenith distance 

Declination 

9 55 s * 

I 19 s. 

Latitude • 

. u 14 s. . 


Moon’s dec. at reduced time 
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* ' To find the Latitude by a meridian Altitude below the Pole . 

When the complement of the declination of an object is less 
than the latitude of a place, and they are both of the same name, 
the object comes to the opposite meridian without setting at that 
piece, and in this case is said to be on the meridian below the pole; 
if the altitude be then taken, the latitude may thence be found as 
follows: 

Rule. Correct the observed altitude a9 before, and to the true 
altitude add the complement of the declination (found by subtract¬ 
ing the declination from 90 °:) the sum will be the latitude, of the 
same name with the declination. «, 

EXAMPLE I. EXAMPLE If. 

Jane 19, 1809, the meridian altitude of May ro, 1809, about 10 o’clock in the 
the San’s lower limb, at midnight, was evening, the altitude of the pole Star when 
6° 30', the height of the eye being 20 feet: on the meridian below the pole, was 46° 30'} 
required the latitude. the height of the eye being 30 feet: re- 


Ob«. alt. Sun’s lower limb ,. - 
Semidiameter 1 

Dip of horizon 4 J 

% • 

6 30 

+ I* 

quired the latitude. 

Obs. alt. of Pole Star 

Dip of horizon • 

• r t 

0 t 

46 3 ° 

■ — 5 

App. oh. Sun’s center . 
Refraction 

6 43 
— 8 

App. alt. of Pole Star 1 
Retraction 

; 46 45 

*— X 

True alt. of Sun’s center 

Co. declination (Tab. IX.) 

6 34 

66 44 N. 

True alt. of Pole Star 

Co. decimation (Tab. XV.) 

* 46 24 
- t 43 


Latitude • - 73 18 N. Latitude - - 48 7 N. 


* f 

To find the Latitude by two observed Altitudes of the Sun , and the 
time elapsed between the observations; having also the Latitude*b$ 
account , and the Sun's declindtititi' when the greater Altitude tons 
. taken . r 

-- Rule. —1. To the log. secant of the latitude by account:(XXV.) 
add the log. secant of the Sun’s declination; their sum, rejecting 
20 from the index. Call the log. ratio . ^ 

2. From the natural sine of the greater altitude (XXVi.) sub¬ 

tract the natural sine of the less altitude, and set the logarit hm 8 f 
their difference (XXIV.) under the log. ratio. , , 

3. Take out the logarithm answering to half the elapsed time 
(XX VII.) and set it likewise under the log. ratio. 

4. Add these three logarithms together, and fiud the middle tim^ 
corresponding to the sum (XX VII1.;) the difference between which 
and the half elapsed time, will be the time from noon when the 
'greater altitude was observed. 

5. From the log. rising answering to this time (XXIX.) subtract 

the lpg. ratio, and the remainder will be the logarithm of a natural 
<number(XXIV.;) which being found and added to the natural sine 
of the greater altitude, their sum will be the natural co. sine of the 
i&eridian zenith distance. ‘ > 
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OF FINDING THE LATITUDE 


6. Having the meridian zenith distance, the latitude is to bfe 
found in the ysual manner. 

7. If the latitude thus found differs considerably from the latitude 
by account, the operation is to be repeated, using the computed 
latitude instead of that by account, until the latitude last round 
agrees nearly with the latitude used in the computation *. 

Remarks on the Times of" Observation. 

i . 

The observations must be taken between nine o’clock in the morn¬ 
ing and three in the afternoon. If both observations be in the 
forenoon, or both in the afternoon, the elapsed time must not be 
less than the time from noon when the greater altitude is taken. If 
one observation be taken in the forenoon, and the other in the 
afternoon, the interval must not exceed four hours and a half; and 
in all cases the nearer the greater altitude is to noon the better. 

If the Sun’s meridian zenith distance be less than the latitude, 
the limitations are still more contracted. If the latitude be double 
the meridian zenith distance, the observations must be taken be¬ 
tween half past nine in the forenoon, and half past two in the 
afternoon; and the interval must not exceed three hours and a 
half. The observations must be taken still nearer to noon, if the 
latitude exceed the meridian zenith distance in a greater propor¬ 
tion. / 

EXAMPLE I. 


May 24, 1806, in latitude 41° 45' N. by account, at 1 ih. 28m. in 
the forenoon, the true altitude of the Sun’s center was 67° 26 ', and 
at 12* 24 m 40* it was 68° 85': required the true latitude. 


Times. 
II* 2ftm 0* 

si 14 40 

Altitudes. Nat. 8ines. 

- 67 ° 26* - 92343 

- ™ 35 - 93 ° 9 * 

LaL by acc. 41 0 45' 
Declination 20 44 

T pftfu> • 

Sec. 0.1^722 
Sec. 0.02908 

• A f'cAeff 

O 56 
p aft 

40 

V> 

Diflf. 752 

Half elapsed time 

- Log. 

Log. 

• V* 

2.87622 
- 0.90899 

O to 

0 

Middle time 

- Log. 

- 3 - 9415 * 

sft 

20 

Time from noon - ■ * 

Log. rising 

Log. ratio 

- 2.50486 

0.15631 

Natural Number 223 

Natural sine of greater alt. 93°95 

- Log. 

- *-34855 


Not. co. sine of mer. zen. dist. 9331ft ** 21 0 4' 
Declination 20 44 


Latitude 41 48 N. t 

• To obviate the necessity of repeating the operation. Tables have been published 
with the Nantical Almanacs for 1793, Sec. computed by the Rev. Mr. Brinkley; but the 
rules for using them contain such a variety of cases that they are not likely to come into 
general practice. 
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BY DOUBLE ALTITUDES. 1&5 

EXAMPLE II. 

August 9, 1808, in latitude 50° 40' N. by. account, at llh. 36m. 
2<)s. in the forenoon, the altitude of the Sun’s lower limb wa9 53* 18'; 
and at lh. 13m. 53s. in the afternoon, his altitude was 51°59> the 
height of the eye being 26 feet: required the true latitude. 


First observed altitude 
Se midi a meter l(/ 

Dip of horizon 5 


55 18 Second observed altitude 

Semidiameter l6' * 

11 Dip of horizon 5 . 


5 i 59 
- + 


Refraction 

True altitude 
Times. 


— i Refraction 

53 i8 True altitude 


Altitudes. Nat. Sines. 


12b 

Qjtx 

o» 

53 * ** 

8<mi 

IX 

3 L 

19 

51 9 * 

7S961 


*3 

3 i 

Difi. : 

1389 - * 

1 

*3 

53 

j 

.• ,1 ’ 

I 

37 

14 

Elapsed time 


V 

4 » 

41 

Half cdfcpsed time 


0 

11 

10 

Middle time 

- 

0 

36 

11 

Time from noon 

1 m / * m * ** 


Lat. by acc. so 0 ^ Sec. o. 19803 
Declination 15 53 Sec. 0.01691 


Log. ratio 
Log* 


Log. rising 
Log. ratio 


o 11494 
3.14370 


0.67611 

4 -° 30 * 

3.0983,1 

o .»»494 

*.**337 


Natural number - 764 - - Log. • • 2 .o ®337 

Nat. sine greater alt. 80351 

Nat. co. sioe mer. zen.dist. 81115 =3 35 * 48 * 

Declination 15 53 

Latitude 51,41 N. 

As the latitude resulting from this computation differs 1° 1’ from 
the latitude by account, toe operation mast he repeated, using the 
latitude last found instead of the latitude by account. 



Latitude last found 
Declination 

- S i6 4 «' * 

»5 53 - 

Sec. 

Sec. 

0.10760 

0.0169T 

biflerence of Natural Sines 
Half elapsed time 

*. 

ph 4 gm 42s 

Log. ratio 

Log. 

Log. 

- 

0.41451 

3.14270 

0.67621 

Middle time - 

0 11 40 

• Log. 

- 

4.04343 

Time from noon 

O 36 1 

Log. rising 
Log ratio 

- 

3 -° 9°30 

0.22451 

Natural number 

Nat sine greater alt. 

1 

1 

00 

- Log. 

- 

2.86581 


Nat. co. sina mer. zen. diet. 81085 = 35 c 4 $f 
Declination 15 53 

Latitude 51 41 

Bb 
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OF FINDING TUB LATITUDE 


As this latitude differs only 1 mile from the latitude by the first 
operation, it may therefore be esteemed the true latitude. 

In the preceding examples both observations were supposed to be 
taken in the same place; but as that is seldom the case, it will be 
necessary, when the ship is making touch way, and the elapsed time 
is considerable, to correct the less altitude in order to find what it 
would have been, had it been taken at the place where the greater 
altitude was observed ; which is to be done as follows: 

Let the bearing of the Sun be observed by compass at the time of 
taking the less altitude, and find the number of points contained 
between that and the ship’s course by compass, between the obser¬ 
vations, corrected for leeway, if she makes any, which subtract from 
]6, when it is more than 8 points; likewise compute the distance 
run during the elapsed time : with these enter Table I. and find the 
corresponding difference of latitude, which will be the correction 
for the change of station. 

If the less altitude be observed in the forenoon, the correction is 
to be added to it, if the above angle be less than 8 points; but when 
it is more, to be subtracted. 

If the less altitude be observed in-the afternoon* the correction is 
to be subtracted if the angle is less than 8 points ; but when greater, 
it is to be added to the less altitude. 

Tbt less altitude being thus corrected,-proceed according to the 
rule, and the result will be the latitude of the ship when the greater 
altitude was observed. ' - . 

Note. A correction should likewise be applied to the elapsed 
time, by adding to it the difference of longitude made between the 
observations, (turned into time by Table XIX.,) when sailing east¬ 
ward, or subtracting it when sailing westward. But this correction 
is seldom noticed, as it generally amounts only to a few seconds. 

EXAMPLE III. 

November 10, 1805, latitude by account 32° 30'N.,at Qh. 30m. 
the altitude of the Sun’s lower limb was 28° 14', the bearing of its 
center by compass being S.E.fE.; and at 1 lh. 17m. 42s. the altitude 
of the upper limb was 39° 8'; the height of the eye being 18 feet, 
and the ship’s course between the observations S.b.E. running 7 
knots per hour ; required the latitude of the ship at the time of the 
latter observation. 

The elapsed time between the observations is nearly i hour 48 minutes, and her rate 
•f sailing 7 miles per hour; therefore, as i hour : 7 miles : : ih. 48m. : 12 miles, the dis¬ 
tance run between the observations. 

Sun’s bearing at first observation S.E.^E. or S. 4| Pts. E. 

Ship’s course during the elapsed time S.b.E. or S. 1 Pt. E. 

Angle between them - 3* Pts. which being taken 

a course, and the distance run during the elapsed time r2 miles, as a distance, give in 
the latitude column 9 miles nearly*. 
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Obs. alt. Suu’s lower limb - 98° 14* 
Semidiameter - i(/\ , 

Dip - - 4/ * ^ 

18 96 

Refraction - - — 9 

True altitude - - 98 94 

Con. for Ship’s way - +9 

Obs. sit. Sun’s upper timtr 39 & 

Semidiameter 16* 1 

Dip - 4 J * “ “ 

38 48 

Refraction - — X 

True altitude • * 38 47 

Reduced altitude - — 98 33 




Times Altitudes. Nat. Sines. 

9 b 3 o« o* - 98° 33' - 47793 

11 17 42 - 38 47 - 69638 

1 47 49 Elapsed time Diff. 14845 * 

0 53 51 Half elapsed time * 

La*, by acc. 39® 8ec. 0.07397 

Declination 17 7 See. 0.01967 

Log. ratio - • 0.09364 

Log 4 «I 7 I 5 S 

- Log. * - 0.63313 

1 33 10 Middle time - « 

Log. 

-• 

4-89833 

0 39 19 Time from noon • » 

Log. rising 
Log. ratio 

- 

- 3.1670c 

- 0.09364 

Natural number 1184 

Natural sine of greater alt. 69638 

• 'Log. 

- 

3 -° 734 * 

Nat. co. sine mer. sen. dist. 63899 «* 50* 9 of 
Declination 17 7 * 

- 


to. 0.01967 

Latitude 33 13 N. 

• m 

m 

Sec* 0.07748 

b m s Diff. Nat. sines 14843 

0 53 51 Half elapsed time 

Log. ratio 
- Log. 

• Log. 

4 

• 0.09715 

- 4-17158 

- 0.63313 

I 34 0 Middle time 

- Log. 

- 

4-40186 

0 40 9 Time from noon 

Log. rising 
Log. ratio 

•* 

- 3 -** 5 ** 

0.09715 

Natural number 1995 

Natural sine of greater alt. 69638 

Log. 

- 

* 3.08807 


Nat. tint mer. sen. 41 ft. - 63863 = 50° 19 
Declination 17 7 

Latitude 33 12 PC. 


EXAMPLE IV. 

March 5 , 180Q, in latitude 60 ° 10 ' N. by account, and longitude 
18° W., the altitude of the Sun’s lower limb was observed to be 
19 ° 42' at loh. 4m. 20 s. in the forenoon, his center beating S.S.E. by 
compass; and at lh. 32m. 3 (Js. after noon it was 21 ° 8 '. The ship*s 
course during the elapsed time was N.W.b.N. sailing at the rate of 9 
knots per hour, and the height of the eye 16 feet: required the lati* 
tpde of the ship fit the time of taking the greater altitude. 

Bb« 
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Sun’s bearing at jst obs. S.S.E. = S. opts. E. Declin. March 5, 1809 - 6* < # 15^ 
Ship’s course * N.W. b.N. = S. 13 pts. W. Corr. for long. 18 0 W. - — 1 9 

— Corr. for time ib.33m.aft.n.— 1 33 

Angle between them, - - 15 pts. -- 

These subtracted from - 16 Reduced declination - 6 2 34 

Leaves - . - - 1 point, which taken as & course, and the distance 

run 31 miles, gire in the latitude column 30 miles. 


First observed altitude 
Semidiameter i6 / \ 

Dip - - 4 J 

Refraction 

True altitude - 
Corr. for Ship's way • 

Reduced altitude 


I 2 b 

10 


Times. 


o» 

10 


19° 42 ' 
+ 12 

19 54 
—_3 

19 51 

• — 3° 

19 21 
Altitudes. Nat. Sines. 

i 9 ° 11 * . 33 i 3 4 
41 l8 - 36343 


I 55 40 Diff- 3191 

1 34 36 


3 48 16 Elapsed time 

I 44 8 Half elapaed time 

0 

O 16 51 Middle time 


x 27 17 Time from noon 

Natural number 
Hatural sine of greater alt. 


3544 

3 6 3*S 


N*t. co, sine of mer. zen. dist. 39869 = 66° 30' 
Declination 6 3 


Latitude 60 27 


m s Diff. Nat. sines 3791 
44 8 Half elapsed time 


o 17 o Middle time 


X 27 8 Time from noon 


Natural number 
Nat. sine of greater alt. 


350^ 

3*325 


Nat. co. sine of mer. zen. dist. 39827 = 
Declination 


Second observed alt. 
Semidiameter 

Dip - » 

- ix* 8' 
16O 

4} + 11 

Refraction 

- 

21 20 

- — 2 

True altitude 

T 

V *8 

Lat. by acc. 
Declination 

6o° to* Sec. 0.30323 
6 3 Sec. 0.00243 

Log. ratio 
- Log. 


- 0.30566 

3 - 5°393 

Log. 


0.35764 

Log. 


4-16723 

Log. rising 
Log. ratio 


- 3.85521 

* 0.30566 

- Log. 


3 54955 

* * 

- 

Sec. 0.00243 

- 

- 

Sec. 0.30699 

Log. ratio 
- Log. 

« Log. 

• - 

* 0.3094* 

3-50393 

0.35764 

- Log. 

- 

^ 4 .i 7°99 

Log. rising 
Log. ratio 

- 

• 3.85373 

0.30942 

- Log. 

- 

- 3-54431 


66 ° 32 ' 
6 3 


Latitude 60 29 N. 

EXAMPLE V. 


15 


May 6, 1809, in latitude 29 ° 40'S. and longitude by account 
i W. at Oh. 19m. 20s. the observed altitude of tbe Sun’s upper 

Google 
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m 

limb was 45° 33'; and at lh. 14m. 45s. the observed altitude of his 
lower limb was 42° 8'£; at which time it bore N.$E. by compass: 
the ship’s course between the observations wasN.W.jN., on the star¬ 
board tack, running at the rate of 6 knots per hour, and making 
1 point leeway; the height of the eye being 22 feet: required the 
latitude of the ship at the time the first altitude was observed. 

Ship’s course by compass N. 3} pts. W. Sun’s declination. May 6, 16 0 og* 43* 
Lee*ay - r 1 Corr, for loug, 51 0 W. - + 43 

- Corr. for time 19® io* P.M. 4 * *2 

Ship's course corrected - N. 4$ W. -- -- ■ 

Suu’s beariug - N. &. Sun’s reduced declination j 6 30 4s 

Angle between them * 5 points, and the distance run 6 miles, gives in the 

latitude column 3 miles. 


Obs. alt. Sun’s upper limb 
Semidiameter 15' 52* 1 
Dip of bor. «• 4 30 / 

45 ° 33 ' °* 
— 20 22 

Obs, alt. Sun’s lower limb 
Semidiameter 15’ 5a* 1 
Dip of hor. - 4 30 / 

42® 8' 30* 
+ II M 

App. alt. Sun’s center 
Refraction 

45 38 

— 57 

App. alt. Sun’s center 
Refraction 

4a 19 5» 
— * 3 

Sun’s true altitude * 

45 ** 41 

Sun’s true altitude 

Corr. for Ship’s way •• 

A2 18 49 
— 3 



Sun’s reduced altitude * 

4 * 15 49 

Times. Altitudes. Nat. Sines, 

0 h 19 m ao* - 45 0 I2 ’ - 70957 

1 14 45 - 42 16 - 67258 

0 55 25 Diff. 3699 

0 27 42 Half elapsed time * 

Lat. by acc, 20° 40* 
Declination 10 31 

Log. ratio 

- - Log. - - 

w W Log. w • 

Sec. 0.06102 
Sec. 0.01830 

0.0793a 

3.56808 

0.91876 

0 42 26 Middle time 

- 

- - Log. - r 

4*56616 

0 14 44 Time from noon - 

- Log. rising 

Log. ratio 

’• 3 I 504 

0.0793a 

Natural number 
Nat. sine of greater altitude 

171 

70957 

- - Log. 

a -»3379 


Nat. co. sine mer. zen. diet. 71129 = 44* 4c/ 
Declination 16 31 


Latitude 28 9 S. 

% repeating the operation the latitude comes out the same as above. 


EXAMPLES FOR EXERCISE. 

I. October 19, 1808, in latitude by account 50° 2b’ N. at 
Ob. 34m. the Sun’s true altitude was 29° 15', and at 2h. 46m. it was 
20° 3': required the true latitude. 

Answer, 50° 22' north. 
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'190; 

II. February 24„ 180Q, in latitude 49° 35' N.. by account; at 
0b.33m. P.M. the altitude of the Sun’s lower limb was 28° 53', and 
at2h. 43m, P.M. it yvas 19° 44', the height of the eye being 14 feet: 
required the true latitude. 

Answer* 51° O'north. 

III. July 1809, in latitude 58° 25' N.,by account, and longi¬ 
tude 25° W. at 11 h. 2m.A.M. per watch, the altitude of the Sun’s 

v lower limb was. 52° 53', and at lh. 25m.. P*M. the altitude was 
52°44', the Sun, at that time bearing S.W.b.W. by compass; the 
height .of . the eve being 20 feet, ana the ship's course during the 
elapsed time S.S.W.fW* sailing at the rate of 8 knots per hour : re¬ 
quired the ship’s true latitude at the time when the greater altitude 
was observed. 

Answer, 57° 27' north. 

IV. August SO* 1809, in latitude 12° 43' S. by account, and longi¬ 
tude 65° E., at 1 lh. 13m. 30s. A-M. the altitude of the Sun’s lower 
limb was 66° 9' 30", and at lh. 15m. 12s. P.M. it was62° O' 15", bear¬ 
ing at that time N.W|W.; during the elapsed time the ship was 
sailing S.W.b.W. at the rate of 4 knots per hour, and the height of 
the observer’s eye was 28 feet: required the latitude at the time of 
taking the first altitude. . 

Answer,. 1 If 29 # south.. 

To find the Latitude by an Altitude of the Sun taken near the Meri¬ 
dian; having the apparent Time from Noon, the Latitude by 

Account , and the Declination. 

Role— l. Correct the Sun’s observed altitude, and reduce the 
declination, taken from page II. of the month in the Nautical Al¬ 
manac, to the time of observation. 

2. Add together the log. rising of the time from noon (XXIX.) 
the log. co. sine of the latitude (XXV ) 
and the log. co. sine„of the declination ; 
the natural number corresponding to the sum of these three loga¬ 
rithms (rejecting the tens in the index) (XXIV.) being found and 
added to the natural sine (XXVI.) of the true altitude, will give the 
natural co. sine of the meridian zenith distance, to which apply the 
declination ns before, and the result will be the latitude. 

Note. The apparent time should be corrected for the longitude 
made since the error of the watch, from which the time is interred, 
was ascertained; by addins thereto the difference of longitude (re¬ 
duced into time by Table XrX.) if east, or subtracting it if west. 

EXAMPLE I. 

October 10,1809, in latitude by account-46® 10’ N. and longitude 
30° W., the altitude of the Sun’s lower limb was 35° 49*, at Oh. 40m. 
109. after noon, by a watch previously regulated, and* the^beigbt+f 
the eye was 17 feet; required the latitude. 
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Obi. alt. Sun’s lower limb 
Semidiameter 16** 

Dip of horizon 4 . 

r 

35° 49* Sun’s dec. Oct. 10 • 

Corr. for long. 30° W. 

14 Corr. for time 40m. aft. 

6* 35' 
+ 1 
»• + 

27 * s. 
54 

34 

Refraction • ; 

» 

36 I Reduced declination - 

l —. J . 

6 37 

55 

Sun’s true altitude 

Time from noon 
Latitude by acc. 
Declination 

o*» 

46° 

6 

36 0 

40“ 10* - Rising 

jo* ~ * v 4*. ' Co.aine 

38 Co. sine 

3.18551 
9.84046 
9.99708 


True altitude 

36 

Nat. number 1054 Log. - 
0 Nat. sine - V58778 

3.02276 


Mcr. zen. dist. 
Declination 

n 

13 Nat. co. sine 59832 

38 s. ■ 



Latitude ~ 

46 

“n.. . 


j 


EXAMPLE IL 

July 3, 1809, in latitude by account 27° S. atld longitude 
93° E., at 1 lh. 48m. 40s., A.M. by a watch whose error was previously 
found to be 7m. 30s. too fast*, the altitude of the Sun’s upper limb 
was 4J° 2'; the height of the eye being 21 feet, and the sbiphaving 
made 38 miles of longitude to .the eastward since the watch was re¬ 
gulated: required the latitude of the Jdace of observation. 

Time of observation per watch - H h 48 m 4 C * 

. a a. _ r _* ’ ' J • _ • * m ■ ert ' ’ * * 



Watch too fast - - 

- , i ,, ■ 

— 

V 7 

3 ° 

- 

Time corrected for the error of watch • 
Longitude made, in time pi IX.) 

11 

+ 

4 ? 

2 

• : > - 1 - 

10 

32 E, 

' t* 

True time ^f observation after midnight 

, * r ~. . r • 

11 

12 

43 | 

0,, 

4 a! ' 

1. 0 * 

* : 1 ' ■< 

Ditto before noon , - - 

‘ 0 ■ 

' t6‘* 

* 1 % > 


Ob*. alt. Sun’s upper limb - 41 0 V Sun's dedindtibn, Jbly 3 23*0' 9' 

Semidiameter Corr. for long. 95 0 E. : ~ + 1 19 

Dip of horizon - 4 } % m Corr. for time 16m. bef. n. + % 

40 42 Reduced declination / - ' I 30 

Refraction - • — I 

Sun’s true altitude - 4 ° 4 * , 

Time from'noon oh. 16m 18* . Rising i , *..49457 . 

Latitude by acc. 27 0 50' - - Co. sine - 9.94660 

Declination - 23 i\ - • Co. sine - 9 * 9 ^ 39 $ 

Nat.number 207 1 Log. - 2.3151? - , 

True altitude - ,40 41- Nat. line 65188 , ; ; 

Mer. aen. dist. 49 9I - N*t. co. sine - 65395 * ' * '■ ■ ■ 1 '' *' 1 

Declination • 23 1} 

' > ■ v ; f* * c T ,.' ' r ; 

Latitude - 26 8 S. . , . f 

‘ * See the Rules for finding the Time and Ertor of the V*K*Turther o». 
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OF THE 


VARIATION of the COMPASS. 


The variation of the compass is the deviation of the points 
of the Mariner’s Compass from the corresponding points of the 
Horizon, and is termed east or west Variation, according as the 
magnetic needle, or north point of the compass, is inclined to the 
eastward or westward of the true north point of the Horizon, 

For many years after the discovery of the compass, it was sup¬ 
posed that the needle exactly coincided with the plane of the 
meridian, and consequently that all the points of the compass 
agreed with the correspondent points of the Horizon. In the year 
1492, Columbus first observed that the needle deviated from the 
north and south points of the Horizon, but still imagined this devi¬ 
ation was constantly the same: however, in 1634, Mr. Henry Gilli- 
brand. Professor of Astronomy in Gresham College, discovered/ 
from a comparison of his own observations with those of his pre¬ 
decessors, that the variation was not always the same at the same 
place; for in that year, he found that the variation of the compass, 
at Deptford, was 4* 4' east, which, compared with the same as ob¬ 
served by Mr. Burrows, in 1680, at Limehouse, who had foutid it 
to be li° 16' E., plainly shewed that in the course of 64 years the 
variation had diminished more than 7 degrees; in 1657, accoiding 
to Mr. Bond’s observations, there was no variation of the compass 
at London ; since that time the needle has been declining west¬ 
ward, and is at present £6° 30', increasing annually about 10 or 11 
minutes. . 

It likewise appears, from observations made in various parts of the 
world, that in different places the variation differs .both as to its 
quantity and denomination, being west in some places, and east in 
others: thus, off the south Coast of Ireland the variation is at pre¬ 
sent about 30° west, but near Cape Horn in South America, it is 
22° east. 

From these circumstances it is evident that the Navigator ought 
from time to time to ascertain the variation, in order tKat he may 
thence correct the courses steered by the compass-; and this is done 
by comparing together the Sun’s true and magnetic amplitudes or 
azimuths. 

The true amplitude of any celestial object is an arch of the 
Hqrizon contained between the true east or west points thereof, and 
the center of the object at the time of its rising or setting; or, it i* 
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the degrees and minutes the object rises or sets to the northward or 
■southward of the true ea9t or west points of the Horizon. 

The magnetic amplitude, is an arch contained between the 
east or west points of the compass and the center of the object at 
rising or setting: or it is the bearing of the object, by compass, when 
in the Horizon. 

The true azimuth of an object is an arch of the Horizon con¬ 
tained between the true meridian and the azimuth circle passing 
through the center of the object. 

The magnetic azimuth, is an arch contained between the 
magnetic meridian and the azimuth circle passing through the center 
of the object; or it is the bearing of the object, by compass, at 
any time when it is above the Horizon. 

The true amplitude, or azimuth, is found by calculation, and the 
magnetic amplitude, or azimuth, by an azimuth compass. 

The following is a description of Mr. McCulloch’s patent azimuth 
compass, with the method of observing amplitudes, or azimuths, by 
the same. 

DESCRIPTION OF THE AZIMUTH COMPASS. 

Figured, Plate VIII., is a representation of the azimuth com¬ 
pass ready for observation. The needle in this compass is bent in 
such a manner that the point of the conical pivot, on which it 
moves and is supported, may be brought very near to the center of 
gravity, as well as the center of motion. The card is similar to 
those of the steering compasses,with this difference only,that a circu* 
~lar ring of silvered brass, divided into 360°, or rather, into four times 
90 °, circumscribes the card; b represents the compass box, which 
is brass, and has a hollow conical bottom : t is the prop upon which 
the compass is supported instead of gimbols: it stands in a brass 
socket screwed to the bottom of the wooden box, and may be turned 
round at pleasure: h is one of the guards; the other, being directly 
opposite, is hid by the box. Each guard has a slit, in which a pin, 
projecting from the side of the box, may move freely in a vertical 
direction : 1 is a brass bar, upon which, at right angles, the sight- 
vanes are fixed : a line is drawn along the middle of this bar; which 
line, the lines in the vanes, and the thread joining their tops, are all 
in the same plane: 2 is a coloured glass, which may be moved up or 
down the sight-vane S; 4 is a magnifying glass moveable on the 
other vane, whose focal distance is nearly equal to the distance be¬ 
tween the vanes: 5 is the nonius, or vernier, which contains six 
divisions, and as the limb of the card is divided into half degrees, 
each division of the nonius is therefore five minutes. The interior 
surface of the nonius is ground concave to the segment of a circle 
of the same diameter a9 the circle of the card: 6 is a stopper, or 
screw, connected with the nonius, which serves to move the nonius 

C c * ’ • 
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close to the card, and thereby prevent it from vibrating as soon as 
the observation of tbe amplitude, or azimuth, is completed: 7 is a 
convex lens to assist the eye in reading off the observed amplitude, 
or azimuth: 8 is a milled head by which the card may be lifted off 
the center, and prevented from vibrating when the compass is not 
wanted for use. 

USE OF THE AZIMUTH COMPASS. 

To observe the Sun’s Amplitude . 

Turn the compass-box until the vane containing the magnifying- 
glass is directed towards the Sun; and when the bright speck, or 
rays of the Sun collected by the magnifying glass, falls upon the slit 
in the other vane, stop the card by means of the nonius, and read 
off the amplitude. 

Without using the magnifying-glass, the sight may be directed 
through the dark glass towards the Sun ; and in this case, the card 
is to be stopped when the Sun is bisected by the thread in the other 
vane. 

The observation should be made when the Sun’s lower limb ap¬ 
pears somewhat more than his semidiameter above the Horizon, 
because his center is really then in the Horizon, although it is ap¬ 
parently elevated on account of the refraction of the atmosphere : 
this is particularly to be noticed in high latitudes. 

To observe the Sun’s Azimuth . 

Raise the magnifying-glass to the upper part of the vane, and 
move the box, as before directed, until the bright speck fall on the 
other vane, or on the line in the horizontal bar; the card is then to 
be stopped, and the divisions being read off, will be the Sun's mag* 
netic azimuth. 

If the card vibrate considerably at the time of observation, it will 
be better to observe the extreme vibrations, and take their mean 
as tbe magnetic azimuth. When tbe magnetic azimuth is observed, 
the altitude of the object must be taken, in order to obtain the true 
azimuth. 

It Will conduce much to accuracy if several azimuths be ob¬ 
served, with the corresponding altitudes, and the mean of the whole 
taken for the observation. 

To find the Variation of the Compass by an Amplitude . 

Rule.—1. To the log. secant of the latitude of the ship, reject¬ 
ing the index (XXV.,) add the log. sine of the Sun’s declination 
(I A.,) corrected for the time and place of observation (XXI.;) their 
sum will be the log. sine of the true amplitude *, to be reckoned 

* The true amplitude may likewise be found by Table XIII* 
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from the east in the morning, or the west in the afternoon) towards 
the north or south, according to the declination. 

2. Then if the true and magnetic amplitudes be both north or 
both south, their difference is the variation; but if one be north and 
the other south, their sum is the variation: and to know whether it 
.-■be easterly or westerly, suppose the observer looking towards*that 
point of the compass representing the magnetic amplitude; then if 
the true amplitude be to the right-hand of the magnetic, the varia¬ 
tion is east, but if to the left hand, it is west. 

EXAMPLE I. 

Required the Sun’s true amplitude on November 6, 1808, in la¬ 
titude 48° 21' i 

Latitude 48° 41' - Secant 0.17745 

Declination 16 a S. - Sine 9.44143 

Tree amplitude 44 33 - Sine 9.61867 

Hence the Sun will rise E. 44 s 33' S. or E.S.E 4 S. nearly, and set W, 44° 33' S. or 
W^SuW.iS. nearly. 


EXAMPLE II. 

July 3, 1808, in latitude 9° 36' S. the Sun was observed to rise 
E. 12° 42'N.: required the variation of the compass. 

Latitude 9 0 36' S. - Secant 0.00613 

Declination 42 59 N. - Sine 9.59158 


True amplitude E.43 40 N. - Sine 9 - 5977 1 
Mag. amplitude E. 14 44 N« 


Variation - xo 38 west, because the true amplitude it to the 
left of the magnetic. 

EXAMPLE III. 

September 24, 1808, in latitude 26 ° 32'N. and longitude 78° W., 
the Sun’s center was observed to set W. 6° 15' S. about 6h. P.M, t 
required the variation of the Compass. 

Sun’s declination (Table IX.) 0° 29* S. 

Corr. for long. 78° W. (Table XXI.) + 5 

Corr. for time oh. P.M. - +6 

Reduced declination - - o 40 S. 

Latitude - - - 46 34 

True amplitude - - W. o 45 8. 

Mag. amplitude - - W. 6 15 8. 

Variation 5 30 east, because the true ampEtude 

it to tlfe right-hand of the magnetic. 

Cc2 


- Sine 8.06378 
• Secapft 0.04834 

- Sine 8.114x1 
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EXAMPLE IV. 

Being at sea in latitude 43° 36' N. and longitude 30° west, ou 
February 15,1808,1 observed theSun’s center at setting, W. 5° 45" N. 
about 7 o’clock in the evening: required the variation of the com¬ 
pass. 1 

Sun’s declination (TaMe 1 X 0 - 12° 58' S. 

Corr. for long. 30° W. (Table XXL) — 2 

Corn for time 7b. P.M. - - — 6 


Reduced declination 

. 

12 

50 - 

Sine 9.34658 

Latitude 

- 

43 

3 6 - 

Secant 0.14016 

True amplitude 

w. 

17 

52 S. 

Sine 9.48674 

Mag. amplitude 

- w. 

5 

45 N - 

tude is to the left of the magnetic. 

Variation 

*3 

37 wcst i 

because the true 


To find the Fariation of the Compass by an Azimuth. 

Rule. — 1. Reduce the Sun’s declination (IX.) to the time and 
place of observation (XXI.) and compute the true altitude of the 
bun’s center, (IV. V.) 

2. Subtract the Sun’s declination from 90°, when the latitude and 
declination are of the same name, or add it to 90 °, when they are 
of contrary names; and the sum, or remainder, will be the Sun’s 
polar distance. 

3. Add together the Sun’s polar distance, the latitude of the ship, 
and the altitude of the Sun; lake the difference between half their 
sum and the polar distance, and note the remainder; 

4. Then add together 

the log. secantof the altitude (XXV.) 7 . . . . . r 

the log. secant of the latitude - } rejectmgthe.r tnd.ces 

the log. co. sine of the half sum, 
and the log. co. sine of the remainder. 

5. Half the sum of these four logarithms will be the sine of 
an arch, which doubled, will be the Sun’s true azimuth; to be 
reckoned from the south in north latitude, and from the north in 
south latitude; towards the east in the morning, and towards the 
west in the afternoon. 

6. Then if the true and observed azimuths be both on the east, or 
both on the west side of the meridian, their difference is the varia¬ 
tion ; but if one be on the east and the other on the west side of the 
meridian, their sum is the variation; and to know if it be east or 
west, suppose the observer looking towards that point of the com- 

E ass representing the magnetic azimuth: then if the true azimuth 
e to the right of the maguetic, the variation is east, but if the true 
be to the left of the magnetic, the variation is west. 
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EXAMPLE I. 

Julv 20, 1805, in latitude 31° 42'N. and longitude 27° W. about 
7 o'clock in the morning, the Sun’s azimuth by the compass was ob¬ 
served to be S. 83° 45' E. at the same time that the altitude of his 
lower limb was 23° 36'; the height of the eye being 24 feet: required 
the variation of the compass. 

Sun’s declin. Julv 20, at noon 2G° 44' N. Obs. alt. Sun’s lower limb 13° 36* 

Corr. for long. 27 0 W. - — I Semidiameter - I6 7 1 , 

Corr. for time, 5b. before noon + 4 Dip - - 5 J ‘ 

Reduced declination - 20 45 23 47 

90 00 Refraction - — 1 

Polar distance 69 15 True altitude - - 43 45 

Altitude - 23 45 - Secant 0.03843 

Latitude - 31 42 - Secant 0.07017 

Sum - 124 44 

Half - 62 21 - Co. sine 9.66658 

Remainder - 6 54 - * Co. sine 9.99684 

19.77202 

50 17 - Sine 9.8*601 


Trac azimuth S. 100 34 E. 

Mug. azimuth S. 83 45 E. 

Variation - 16 49, or if point, west, because the true azimuth 

if to the left of the magnetic. 

EXAMPLE 1L 

November 2, 1808, in latitude 25° 32' N. and longitude 75° W. 
the altitude of the Sun’s lower limb was observed to be 15° 36', about 
4b. 10m. P.M., his magnetic azimuth at that time being S. 58° 32'W. 
and the height of the eye 18 feet: required the variation of the 
compass. 


Sun>declin. Nov. 2, at noon 
Corn, for long. 75 0 W. 

Corr. for time 4b. 10m. aft. n. 

I4 rt 48' S. 

+ 4 

+ 3 

Ob9. alt. Snn’s lower limb 
Seinidiamcter 1 

Dip - 4 i 

* 5 ° 3 * 
+ n 

Reduced declination 

14 

90 

55 

00 

Refraction 

• 

15 48 
3 

Polar distance 

Altitude 

Latitude 

104 

*5 

*5 

55 

45 . 

3 * 

True altitude 

- Stcant 

- Secant 

0 0 

b b 1 

U 

<#> a 

*5 45 

Sum 

Half 

Remainder - 

146 

73 

3 1 

12 

6 

49 

- Go. sine 

• Co. fine 

9.46345 

9.9*909 



3 * 

14 

- Sine 

* 9-45399 

9.72699 



4 


True azimuth Su 64 28 W. 

Mag. azimuth S. 58 32W. 

Variation - 5 56 eait, because the true azimuth is to the right 

of the magnetic. 
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EXAMPLE III. 

February 15, 1808, in latitude 36° 18' S. and longitude28° 49' E. 
about half past 6 A.M. the following altitudes of the Sun’s lower 
limb, with the corresponding azimuths, were observed ; the height of 
the eye being 30 feet: required the variation of the compass. 


Azimuths. Altitudes. 


s. 55 45 E- 

0 / 

u 15 

Obs. alt. ©'si. 1. 12 35 

0 9 

Sun’s declin. Feb. 15 • 12 58 

56 xo 

11 52 

Semid. 16O , \ 

Corr. for long. 29 0 E. - + 2 

56 40 

12 44 

w. p - 5 / + H 

Coir, for time 5Jh. bcf. n. + 5 

57 0 

13 *7 



57 15 

13 50 

12 46 

Reduced declination - 13 5 

Refraction - — 4 


5° 

62 58 



Means 56 34 

12 35 

True alt. - 12 42 



90° 00' 


Declination 

13 

5 



Polar distance 
Altitude 

Latitude 

-• 76 

12 
3 6 

55 

42 

18 

Secant 

Secant 

0.01076 

0.09370 

60m - 

Half - - 

Remainder 

125 

62 

13 

55 

57 

5* 

Co. sine 
Co. sine 

9.65779 

9.98697 


43 

3i 

2 

Sine 

19.749-3 

9.87461 

True azimuth 
Mag. azimuth 

N. 97 

2 E. Or, S. 

- S. 

82° 58' E. 

5 6 34 E. 


Variation 

- 

. 

26 24 west. 


To find the Sun's true Azimuth by another Method . 

Rule 1 —Add together the latitude of the ship and the altitude 
of the Sun ; and to the natural co. sine of their sum, add the na¬ 
tural sine of the Sun’s declination, (XXVI.) when the latitude and 
declination are of the same name ; otherwise take their difference. 

If the sum of the latitude and altitude exceed t)0°, subtract 90 p 
from it, and find the difference of the natural sine cf the remainder, 
and the natural sine of the Sun’s declination.' 

2. To the logarithm of the above sum or difference (XXIV.) add 
the secant of the latitude, and the secant of the altitude, (XXV,) 
rejecting their indices; their sum will be the log. rising of an angle 
in hours, minutes, and seconds; (XXIX.) which being turned into 
degrees and minutes (XIX.) will be the Sun’s true azimuth; to be 
reckoned from the south in north latitude, and from the north in 
south latitude, towards the east in the morning, and towards the 
west in the afternoon. 
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EXAMPLE I. 

Required the Sun’s true azimuth in latitude 51° 42 1 N. when his 
altitude is 23° 45', and his declination 20° 45' N. 

Latitude 31 0 4*'N. - - - Secant 0.07017 

Altitude 23 45 - - - Secant 0.03843 

Sum - 55 27 Nat. co. sine 56713 

Declination 20 45 N. Nat. sine 354*9 

Sum 92142 - Log. 4.96454 

5.07314 Log. rising 

of 6 h 42m <20* equal'to ioo° 35', the Sun’s azimuth from the south; the same within 
one minute as the first Example, worked by the former method* 

EXAMPLE II. 

What is the Sun’s true azimuth in latitude 25° 32' N., when his 
true altitude is 15° 45', and declination 14° 55' S.? 

Latitude 25 0 32 ' N. - - - Secant 0.04463 

Altitude 15 45 - - - - Secant 0.01662 

Sum - 41 17 Nat. co. sine 75146 

Declination 14 55 S. Nat. sine 25741 

Diff. 49405 - Log. - 4*69377 

4.75502 Log.rising 

of 4 h 17m 50 s equal to 64° 28', the Sun’s true azimuth from the 9ontb ; the fame as the 
second Example in the former method. 

EXAMPLE III. 

Required the Sun’s true azimuth in latitude 51° 31' S. when his true 
altitude is 46° 28', and his declination 22° 17' S.? 


Latitude 

5 *° 

31's. 

. 

- 

- Secant 

0.20601 

Altitude 

46 

28 

- 

- 

- Secant 

0.16192 

Sum 

97 

59 


1 




90 00 





Remainder 

7 

59 

Nat. sine 

*3889 



Declination 

22 

17 S. 

Nat. sine 

379*9 




Diff. 24030 - Log. - 4.38075 


4.74868 Log.riaing 

of 4k 15" 50* equal to 63° 57', the Sun’s true azimuth from the north. 
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DESCRIPTION and USE 

OF 

HADLEY’* SEXTANT. 


This Instrument is constructed on the same principles as the 
Quadrant, but as it is used to measure the angular distance between 
the Moon and Sun, or a Star, in order to determine the longitude, 
the Arch is extended to 120 degrees, for the purpose of measuring 
their distance when greater than 90 degrees ; it is also provided with 
some appendages not commonly annexed to a quadrant, in order to 
take the observation with greater accuracy; these appendages are 
what will be chiefly attended to in the following description, as it is 
presumed that the description and use of the Quadrant have been 
read, and therefore a repetition of many observations would be un¬ 
necessary. 

Fig. 1. Plate IX. represents a Sextant, the frame of which is gene¬ 
rally made of brass, or other hard metal. The Arch a a is divided 
into 120°, each degree into S parts, of course equal to 20 minutes, 
which are again subdivided by the Nonius into every half-minute, 
or 30 seconds ; every second division, or minute, on the Nonius, is 
cut longer than the intermediate ones. The Nonius is numbered at 
every fifth of these longer divisions, from the right towards the 
left, with 5, 10, 15, and 20, the first division towards the right- 
hand being to be considered as the Index division. 

The best Sextants are usually divided to quarter minutes, in which 
case the degrees on the Arch are divided into 4 parts, or 15 minutes, 
and the minutes on the Nonius into the like number, each equal to 
15 seconds. 

In order to observe with accuracy, and make the images come 
precisely in contact, an adjusting, or tangent screw b, is added to 
the Index, by which it may be moved with greater regularity than 
it can by hand ; but this screw does not act until the Index is fixed 
by the finger screw c. Care should be taken not to force the ad¬ 
justing screw when it arrives at either extremity of its adjustment. 
When the Index is to be moved any considerable quantity, the 
screw c, at the back of the Sextant, must be loosened; but when 
the Index is brought nearly to the division required, this back screw 
should be tightened, and then the Index be moved gradually by the 
adjusting screw. 

In some Sextants the lower part of the Index-glass, or that 
nearest the frame is silvered as usual, and the back surface of the 
upper part painted black; also a screen is fixed at the base of the 
Index-glass, turning on its axis, and may be placed over the sil- 
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verori part when lite Sn/i’i rstyl ate strong ih fthrcb ea£b th £ {Wage 
is reflected from the polished sarfhde df Hie tipper part, attid the 
error which mi^h^probably arise from the planes of the glass not 
being parallel, lfc thereby Avoided. ^ 

There are four tinged glasses at n, each of which is set in a dif¬ 
ferent franfiC turning on a center: they are used to screed th;? eye 
from the brightness of theyolar image, and (hectare of the Moon, 
and may be used separately dr together, as occasion requires. . 

There ar£ three more such glasses placed behind the horizon glass;. 
at e, l 6 Weakcii the rays of the ^un orJVldon when they are viewed 
dirdetly through the horizon-glAss. Tlie paler glass is sometimes 
used in observing altitudes at sep, to take on tHe strong glare of the 
horizon. * * ^ . 

The Sexiaht Is Furnished Wl\h a plain tnbfe Without any glasses; 
and to render the objects still; rpore^ distinct, it has likewise two 
telescopes, one representing the objects erect; pr in their natural 
position ; the longer one shews them inverted 5 .it has a large field of 
view, and other advantages; a little use will soon accustom the ob¬ 
server to the inverted position, and th£ instrument will be as readily 
managed by it as by the plane tube alone. By a telescope the con¬ 
tact of the images is more perfectly distinguished ; and by thepWacd 
of the images in the field of the telescope, it is easy to perceive 
whether the Sextant is held ip the proper plane fcr observation. By 
sliding the tube that coAt&ftVd the cye-glasSed in the inside of fhe 
other tube, the object is suited* to different eyes, and dmde td Appear 
perfectly distinct and Well defltfed. \ 

The telescopes ate to be screwed into a circular rihg ut if ; this 
ring rests oft two points against ah exterior ring, and is held thereto 
by two scrawls: by turning 6 ne and tightening the othet, the axis of 
the telescope may be set parallel to the plane of the Sextant. The 
exterior ring is fixed on a brass stem that slides in a socket; and by 
means of the screw l, at the bhek of the Sextant, it may be raised 
or lowered so aLs to^nove the center of the telescope to poiht to 
that pait of the Horhfoh-glass Which shall be judged the most fit for 
observation. ^ 

A circular head, with tinged glasses; sbftiefinYCs decohip Abies 
the Sextant, and to bfe Screwed On the eye eVid of the tube, 6 V oii 
that of either telescope. The glasses* are contained in a circular • 
pfcue, Which has 1 fobr holes; three of these Are fitted with tinged 
glasses, the fourthik open. fiy pre^sifi^ the finder against the pro¬ 
jecting edge of this circular plate, und turning it robnd> the ajidn 
hole, or any of the tiuged glasses may be brought between the eye 
glass of the telescope^md the eye. 

To these appendages are added a smpll screwed river, to adjust the 
screws;, a magnify ing glass, to refid off the observation with greater 

D d , • 
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accuracy; and a microscope for the same purpose, made to fitipto 
a tube fixed at the lower end of the Index. 

ADJUSTMENT^ of the SEXTANT. 

The adjustments of a Sextant are to set the Index and Horizon 
glasses perpendicular to the plane of the instrument, and their 
planes parallel to each other when the Iirttex division is at 0 on the 
Arch; also to set the axis of ^ie telescope parallel to the plane of 
the instrument; each of these particulars must be examined before 
an observation is taken, and the adjustments, if requisite, made ac¬ 
cording to the following directions. * 

I. To set the Index-Glass perpendicular to the Plane of the Sextant. 

^Move the Index forward to About 60 degrees; then, holding the 
instrument horizontally with the limb from the observer, look down 
the Index-glass and see if the reflected and the true Arches appear 
to be in the^same plane; if they are, the glass is adjusted; otherwise 
it is to be rectified by the screws behind the glass. 

II. To set the Horizon-Glass perpendicular to the Plane of the 

Sextant . 

fr , 

Screw on the plane tube, or the common telescope, and holding 
the Sextant horizontally, observe if the reflected and true horizons 
appear in the same strait liny; if they do, the glass is adjusted; 
otherwise turn the screw at the back of the instrument till they per¬ 
fectly coincide : this adjustment may also be made by directing the 
telescope to the Sun, Moon, or a Star, in which case hold the instru¬ 
ment perpendicularly to the Horizon, and move the indent till the 
direct object and its reflected image appear to coincide nearly; then, 
if the reflected image be to the right or left of the direct object, 
turn the screw under the Horizon-glass till they^pre parallel to the 
plane of. the instrument. If the adjustment be made by a Star, 
move the index backwards and forwards slowly, and observe if the 
reflected imagt, in passing the Star, coincide with it; if it does not, 
the glass is to be adjusted by the screw as before. 

III. To set the Horizon-glasfparallel to the Index-glass when the 

Index Division is at 0 op the Arch. 

Make the Index division of the Nonius coincide exactly with 0 on 
the Arch; andj in order to make the coincidence as perfect as pos¬ 
sible, examine them through the magtf fyingr&lass; screw on the 
telescope, and turn the screw l at die back of the instrument till 
the line which separates the transparent and silvered parts of the 
Horizon-glass bisects the field of the. telescope; having done this, 
hold the Sextant perpendicularly, and direct the sight through the 
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telescope to the horizon; then, if the reflected and true horizons do 
not coincide, turn the tangent screw at the back of the Horizon- 
glass till they are made to appear in the sanre strait line. Then will 
the planes of the Horizon and Index-glass oe parallel. It is, how¬ 
ever, better not to depend ojg this adjustment, but rather to find the 
Index error; and'indeed it becomes absolutely necessary when the 
Horizon-glass is so constructed as not to admit of the adjustment, 
which is the case with most instruments. 

To find the Index Error . 

The Index error the number of degrees and minutes pointed 
out by the'Nonius when- the direct object and its reflected image 
coincide with each other, and may be found as directed in the ad* 
justment of the fore horizon-glass of the quadrant in page 175, but 
with greater accuracy by measuring the diameter of the Sun or 
Moon twice, that is, by bringing the reflected image to touch the 
lower and upper limb of the Wlrect object alternately, the Index 
being moved in contrary directions, and finding the number of de¬ 
grees and minutes pointed out by the Nonius in earfi case; then, if 
both measures are to the right or left of 0 on the Arch, half their 
sum will be the Index error, to be added to or subtracted from all 
observations take^wjth the instrument, according as the measures 
are to the right or left of the 0 ftn the Arctjfc but if one of the 
measures be to tbe right, and the other to the left of the 0,half their 
difference will be the Index error, which must be subtracted from 
the observations when the measure on the left of 0 exceeds that on 
the right, otherwise it must be added. For example, suppose the 
Sun’s image was brought in contact with the upper limb ot the Sun 
itself, and the Index was at 6 minutes to the left of tl|e 0 on the 
Arch, but when brought to touch the lower limb the Index advanced 
to 1 degree 10 minutes, then half; the sum of these, that is, 38 
minutes will be the Index error, to be subtracted from all observa¬ 
tions made with the Sextant, because the measures were both to the 
left of the 0 on the Arch. Again, suppose when the Sun’s image 
was brought into contact with the lower limb, the Index was to the 
left-hand of the 0 on the Arch at SO minutes, and when the Index 
was moved the contrary way, and the image brought into contact 
with the upper limb, the Index should be at 33 minutes on the Arch 
of excess, then half the difference of these, which is 1 minute and 
a half, will be the Index error, to be added.to the observations, 
because the number of minutes shewn on the Arch of excess 
19 greater than that pointed out by the Index when to the left of the 
0 on tbe Arch. * * 
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IV. To set the Jxis of the Telescope parallel to, the Plane of the 

Sextant . / 

In measuring angulsy distances, the line of sight, or axis of thq 
telescope, should be parallel to the plane of the instrument, as a* 
deviation in that respect will occasion a*considerable error in the ob? 
servatiorv, and this is most sensible in large angles: to avoid which, 
a telescope is made use of in whose field there are placed tvfro wires 
parallel to each other, and equidistant from the center, to which 
are generally added two others at right angles to these and parallel 
to each other: by means of these wires the adjustment may be made 
thus; screw on the telescope, and turn the tube containing the eye¬ 
glass till thfc Wires are parallel to the plane of the instrument, then 
take two. objects, aa the Sun and Moon, or the Moon and a Star, 
whose angular distance must not be less than 90 degrees, because the 
error i* more easily discovered when the distance is great; bring 
them exaedy into contact at ihe wire which is nearest the plane of 
the Sextant, and fix tfie Index: then, by altering a little the position 
of the instrument, make the image appear on the other wire: if the 
cont&Qt still remains perfect, the axis of the telescope is in its right 
sityaUpn; but if the limbs of the two objects appear to separate at 
the. wire thyt is furthest from the plane of the instrument, it shews 
tjnat the object end of the telescope inclines towards the plane of 
the instrument, which must he rectified by tiglfceuing the screw 
nearest the Sextan*, which is Attached to the ring that bolds the 
telescope, having previously slackened the screw farthest from it; if 
the images overlap each other at the wire farthest from the Sextant, 
the object end of the telescoj>e is inclined from the plane of the 
Sextant, and, the highest screw must be turned toward* the right, 
and the lowest towards the left: by repeating this operation a few 
tun/es, the contact will be precisely the same at both wires, and 
consequently the axis of the telescope will be parallel to the plane 
of the instrument 

i USE OF THE SEXTANT. 

To* observe the Angular Distance between the Moon and the Sun . 

Sqrcw qn t,bc t^lqscope, and place the wires parallel to the plane 
of the iqst/*urpcnt,; then fruu down oue or more of the screens ac¬ 
cording to il>e btiglpnes^ qf the Sun; place the I,nde^ atO on the 
Arch, 4 m! the S.unfs image be very bright, turn up the screen 
before the Index-glass, t^nct with the screw l raise the telescope to. 
the.transparent pa^iof.the horizon-glass: having done this, bold the 
Sextant so that it* plane may be i* the right Tine joining the two, 
objects: if the Sun be to the right-hand of the Moon, the Sextant 
is to be held with its face upwards, hut if it be to the left-hand, the 
ace is to be held downwards; with the instrument in this position 
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lo,ofc dircctlv at the ^Iopn through the telescope, apd move the Index 
forward tiil the Sun’s image comes nearly in contact with the 
Moon's nearest limb, then fix the Index by the «*crew under the 
Sextant, and make the contact perfect by means of the adjusting 
sc^ew; at the same time move the Sextant slowly, making the ax 13 
of the telescope the center of motion, by which the objects will pass 
$ach other, afltl the contact be more accurately made. The Indeffc 
will then point out the observed dis^n^e of the nearest limbs of the 
San and Moon. 

It will perhaps be more easy for those who are not accustomed to 
take observations, to find the distance nearly, and setting the In^cx 
forward to it, to look directly towards the Moot* t)plding"Uie instru¬ 
ments before; the San*5vill then appear nearly in contact with 
it, and is to be made perfect by the method above-mentioned.^ In^ 
the Nautical Ephemeris the distances of the Sun and Moon are set 
down for the beginning of every third hour of time at Greenwich, 4 
on such days as the Moon is not less than °,5 degrees, nor more than 
125 degrees from the Sin, and may be found for any intermediate time # 
bv proportion; from these distances you may compute roughliktheir 
distance at the time of observation thus; turn the ship’s longitude into * 
time by Table XIX. and add it to, or subtract it from, the time ot 
observation, according as the^pngitude is west or east, the sura or 
difference will give the time at Greenwich ; then find by the Ephe- 
meris the distance nearly at that time, from which subtract 3 Q 
minutes, the sum of the semidiameters, and the remainder will, give 
the distance of' their nearest limbs at the time of observation. 

It will save some trouble, and serve the purpose of finding the re¬ 
flected* image of the Sun or Moon in the horizon-glass, if you, ouly 
$et the Index to the central distance a$Pset down in the Epheuieris 
for the nearest three hours, without correcting it to the intermediate 
time by a rough computation. ^ 

To observe the Distance between the Moon and fisiar* 

€ 

Turn-down tj^e lightest screen before the horizon-glass, %nd direct 
the telescope to the Star, holding the Sextant in its proper fosition 
so that if seen edgewise T it may appear to p§ps through the Moon 
and Star, with its face upwards or downwards according as th£ Star 
is tp the eastward or westward of the Mopn; then move the Index 
forward till the reflected image of the Moon is seen in the telescope; 
hy moving the instrument slowly up and down, the Moon will ap¬ 
peal' to rise and fall by the Star; the enlightened limb is the* to he 
brought in coiffact with the Siar by means of the adjusting sdrew* 
and, the number of degrees and minutes pointed out by the JNouius 
will give the observed distance between the objects. 

1/ the distance between the Moon and pne of Ae Stars set down 
in the Ephejfnerisfor finding the Longitude is to be observed, thei* 
distance may be rojughly calculated* as before directed, to which set 
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DESCRIPTION* AND USE 

* - 

the Index: then look through the telescopejfand direct the sight to 
the Star, which is generally a*bright one, aud lies in a line nearly 
perpendicular ttS the horns of the Moon, either to the eastward or 
westward, as denoted in the Ephemeris; and holding the Sextant 
in the plane of the two objects give it a slow motion round the axis 
Cjf the telescope, and if the Moon’s image comes in£h e fold of the 
telescope it is a proof you have taken the right Star, as no other in 
that direction will correspond^iftdistance to it. 


W m * DESCRIPTION 1 ANJ) USE 

# * OF A 

NEW REFLECTING CIRCLE, 

INVENTED BY 

. JOSEPH D E MENDOZA RIOS?Em. F. R. S. 

^ * * 


The best repeating or multiplying Circles that have been pro¬ 
duced until the present, possess the advantage of ginyig the sum 
of the observed distances, which, beiog divided by the uuniber 
taken, shew the mean observed distance; thereby reducing the 
errors arising from the inaccuracy of the divisions, and the eccen¬ 
tricity of the index, in proportion to that number: but to effect this, 
it is necessary to observe in a complicated manner, using* what 
M. Borda calls cross observsmons, to the right and left successively; 
which indeed appears to be onp of the principal reasons why those 
instruments have not been generally used. On the other band, the 
practice of die Sextant is subject to considerable inconveniences, 
besides being liable to the above errors. For example, when a set 
of lunar distances is taken, it is necessary to read off ttfe distance 
after e^ph observation which not only consumes lime and gives 
trouble, particularly at night, bt?t disturbs the focus of the eye, so 
that tjpc next observalkm cannot be made so well or so readily as if 
no such interruption had tmten place. 

In contriving the present Circle, Capt. Mendoza Rios’s object has 
been to combine the advantages of multiplying, or finding at last the 
sum of all the measured distances, with the simple manner of observ¬ 
ing with the Sextant; to which advantages may be a^ed the diminu¬ 
tion of the errors of division ; although this last was not principally 
in view, as, since the invention of machines for dividing instru¬ 
ments, that advantage is not so important as it was some years ago; 
although it is certainly not to be neglected at present. The follow¬ 
ing short description of the new reflecting Circle ^rill be sufficient 
to give an idea of the means^ by which the combination of the 
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above advantage# have been effected, and will shew the manner in 
, which the instrument is to be used. 

The moveable circle, or limb a , (Fig. 2, Plate IX.) turns round 
under the frame of the instrument b , to which it is pressed by the 
clamps c; the index d is moveable on the axis of the frame, and 
has an adjusting screw attached to it in the usual manner : on the 
' frame tliere is fixed a piece of brass e 9 which we shall call the stop, 
because the index may always be stopped by it at the same place. 
In order to fix the index exactly against the stop, there is a bolt in 
the shape of a wedge w, which entering a notch in the ring of the 
frame, presses themdeAgainst the stop: aclainp g is fixed to the 
frame, near the stop, by meins of which themoveable Jimh may be 
fastened to the frame of the instrument when required. The other 
parts of the instrument are so similar to those of a Sextant that it is 
unnecessary here to describe them. The manner of using this 
circle is as follows: 

Tighten the clamp gjand place the index against the stop, bolt¬ 
ing the wedge to secure it; tnen read off the degrees and minates 
pointed out by the nonius on the moveible circle; unbolt the wedge, 
aud bring in contact the two images of a Star, the horizon of the 
sea, or some other object as usually practiced with a Sextant in 
finding the error of the index r theti redd off the nonius, and the 
difference between that and the first reading will give the error of 
the stop. This eiror will however be mofe accurately found by re¬ 
peating the observation without reading after the first observation, 
which is to be done in the following manner; the first observation 
being finished, loosen the clamp g, and move the limb and the 
index together (the index having been previously fastened to the 
limb by the clamp underneath the adjusting screw) until the latter 
is close against the stop: then, bolting the wecfge, tighten the clamp 
g in order to fix the limb to the frame of'the instrument; this be- ’ 
mg done* unbolt the wedge, loosen the clamp under the index, 
and bring the images in contact as before: now the difference be¬ 
tween the division pointed <Jk by the nonius after this observation, 
and the first reading, is double the error of the stop ; by further re¬ 
peating the observations the multiple may be encreased, always 
taking the difference between the last and the first reading, which* 
divided by the number of observations, the efror of\the stop will be 
obtained with any desired degree of accuracy. Thfc error of the 
•top being thus ascertained, tiie distances may be observed in a 
similar manner; which however we shall here briefly describe. 

Tighten the clamp gaud bring the index against the stop, bolting 
the wedge, and then read off the nonius : unbolt the wedge, and, 
screwing the telescope in the ring r, observe 4he contact of the 
images m the same manner as with a Sextant; (tightening the 
clamp,under the index as usual;) if the observation be then read 
Oft*, the difference between this and the first reading, deducting the 
error of the stop, will give the observed distance. But for a second 
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observation omit that reading, and loosen the clanfp g; then bring 
the index and limb, which arc? fastened together, against th£ stop, 
and bolt the wedge ; ^nd in this position tighten again thei elaiffpg. 
Proceed then to take another distance, having previously loosened 
the clamp under the index ; when this is done, find the difference 
between the reading atier the observation and the first trading, 
which divide by and the quotient, deducting the erfor of the 
stop, will be the ihean distance. In a sHiilaf mariner Uitf observa¬ 
tions may be repeated, and the difference between the reading after 
the last observation and the first rending, djjrrtied by tile rtuttibcf of 
observations, will give** quotient, from wnrch, do'ddeling the drrdf 
of the stop, the result will be the mean of the observed disutnees. 

' - ini I Hi I > hi. 

* OF FINDING TII E W 

* LONGITUDE OBSERVATION. 


VARIETY of method* have been proposed for determining the 
longitude of a place, but almost all of them depend upon one 
general principle, viz. the comparison of the relative tiroes under 
two different meridians ; .so that if the time under a given meridian 
be known; and also the time under any other meridian, the differ¬ 
ence of these times turned into degrees and minutes in the propor¬ 
tion of 15 degrees to 1 hour, will he the difference of longitude 
between the two meridians. For as the Sun apparently moves 
round the Earth, from east to west, in 24 hours, or over an arch of 
13 degrees of the equator in 1 hour of time, all places lying to the 
eastward of any meridian will have noon sooner,.,or if to the west¬ 
ward later, by as much time as the Sun takes to pass from the meri¬ 
dian of one place to the meridian of i]ff other; lienee, if the time 
at the meridian of Greenwich (from* lienee the longitude is 
reckoned,) and of any other fiace, at the same moment of absolute 
time, be given, its longitude from Greenwich may be inferred by 
reducing the difFerenceof the times into degrees and minutes, ia« 
the proportion*)? 15 degrees of longitude to 1 hour of time: more¬ 
over, if the time at the place be greater than that at Greenwich, its 
longitude will be east, but if less it will be west. Thus, suppose 
it is ascertained th^t the time at Greenwich is 2 hours past noon 
when it is just noon at the ship; it will thence appear that the lon-i 
gitude of the ship is 30° west of the meridian of Greenwich, because 
the Sun passes over 30° of the equator in 2 hours of time; and 
having lent the meridian of Greenwich 2 hours since, the ship must 
consequently be to the westward of that meridian. If we suppose the 
time at the ship to be 4 hours past noon, her longitude would be 30° 
east of Greenwich, for the Sun in this case Would have passed the 
meridian of the ship 2 hours before he passed that of Greenwich. 

* :edl^VjUUyiC 
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Now the time at any given meridian may be easily computed by 
an altitude of the bun or a Star, taken when distant from the men* 
or from observations of the Son when at equal altitudes; and 
the time at Greenwich may be ascertained by means of a time* 
keeper, or by various astronomical observations. With respect to the 
first of these, it is obvious, that if a clock or watch could be so 
constructed, as to go uniformly in all seasons, and at all places, 
such a machine being once set to the time at" Greenwich, would 
always shew the real time at Greenwich in whatever part of the 
earl !\> might be; and therefore when the time under any other 
meridian was found and compared with that shewn by the time¬ 
keeper, the longitude of the place from Greenwich would be readily 
obtained. To effect this purpose, several ingenious artists have 
exerted their abilities, and have brought time-keepers to an astonish¬ 
ing degree of perfection, whereby they have become a valuable 
acquisition to the Navigator in determining the difference of longi- 
r C l ™ ade * n short periods; however, considering the delicacy 
or their construction, and the various accidents to which they are 
liable, an implicit confidence ought Hot to be placed on them, par¬ 
ticularly in long voyages; but recourse should be had to astronomical 
observations whenever opportunities present themselves. 

1 be various astronomical methods of determining the longitude 
depend likewise upon the abovementioned general principle; for by 
observing the time at the meridian of a given place when any celestial 
appearance happens, and comparing the same with the time at 
Greenwich as shewn by the Nautical Almanac*, their difference, 
reduced to degrees and minutes, give the longitude as before. Sup¬ 
pose, for instance, that an eclipse of the Moon should be observed 

thc a Hm^Tr? aCe t0 i eg 'u at ! nidni £ ht ’ and that b y ‘be Almanac, 
the time at Greenwich when the eclipse commenced was 3 hours 

£ S nTt d th‘ Sht: ” OW “ ^commencement of the eclipse must be 
seen at the same moment of absolute time in all parts where it is 

V,S !t b !h the difference betw een the time at the place of the observer 
ttnd G. reen . w, cb, which is 3 hours, and answers to 45 degrees 
must be the longitude of the place; and it is evidently west because 
the time at the place is less than the time at Greenwich. Upon the 
same principle the eclipses of Jupiter’s satellites will gU e the 

rally four years fur^nirond’conW XlTpage^t,?^ of Longitude, gene- 

o^pa'ssi'ng^be'roen'iIilBnj ^VtimM'^solar^and lunar^e”!***' 

Jupiter-, satellites; the di.tance, of t^e M^n f om ^h- ^ P8eS, 1 t °*!! her r i,h of 
tfae beginning of every third bour; and ?n «^errf ^h. tw "u cert<un fixed Stars . *» 
pearance lake, place; being .11 computed fa remarkable ap- 

mmt useful Work was originally proposed bv Anri h lim ^* ^ n# exce ^ent and 
printed under the immediate ins^cti^f T>r M^ d i h ^ * Jw * ya caJ culated and 
defatigable evertion, to f!dlimK^ whose in¬ 

longitude by the lunar method, emille him 10 thS^SteL thmkH^ of . de ’ enninin S *be 
gator, bat of the nation at large. Crwead thanks not only of every Novi- 
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iQPgUwfe* Pvt eclipses of the Moon happen too seldom to be of 
V$e $t set), %n4 tfm satellites of Jupiter are visible only through ^ 
telescope pf considerable magnifying powers, which cannot be 
managed on towd a ship. 

The most practical method of finding the longitude at sea, by 
eele$tift] observations, is that pf measuring the angular distance be¬ 
tween the Moon and Sun, or the Moon and certain Stars near the 
ecliptic, usually called a /tutor QlisavatiQu, both on account of the 
quick motipn of the Moon in his orbit, and the frequent oppor¬ 
tunities that offer for taking $pch observations: for, in favourable 
weather, distances may be taken at all times whep the objects are 
more than 4 or 5 degrees above the Horizon, except about the time 
of n?w Mopn; and, as the Moon's doily motion is about 13 degrees* 
pr at the fate of 1 minute of a degree ip-twp minutes of time, if her 
true angular distance from the qun or a Star can be ascertained 
within 30" of a degree, the corre^paoding time at Greenwich will be 
known within one minute of time, and hence the longitude within 
15 minutes of a degree. 

This method of determining the longitude was proposed many 
years ago by Mr. John YVerper and others, but for want of proper 
instruments to observe the distances, and a good lunar theory to 
ascertain the Moon’s place, it was laid aside. These difficulties are, 
hovvever,now happily obviated by the invention and improvements of 
Hadley’s Sextant, and the accuracy of Mr. Mayer’s lunar Tables; 
so that a good observer, with proper instruments, may depend upon 
the longitude found by this method, within half a degree. 

To facilitate this important problem, the true angular distances 
of the Moon from the Sun or a fixed Star *, are set down in pages 
YUI, IX, X, and XJ, of each month, in the Nautical Almanac, for 
the beginning of every third hour of Greenwich time; and the limp 
answering to any intermediate distance may be found by propor* 
tional parts ; hence the distance between these objects being taken 
with a Sextant or Circle, and the corresponding time at Greenwich 
found by the Almanac, and compared with the lime at the ship, 
their difference will be the longitude of the place of observation. 

But before the observed distance is compared with those in the 
Almanac it must he corrected, in order to find the true distance; 
for, by the effects of parallax and refraction, the Moon is always 
seen lower than its true place, and the Sun or Stars, higher; 
hence the true distance is almost always greater or less than the 
observed. 


* The Start used in the Nautical Mnapeq for the above porpoie* a Jmafttf, 
Aidelaran, Pollux, Regulus, Spica kxrgiuxs, *. AqpMm* pormLhaMl* aud a % i q . 

Asa knowledge of these Stars are of great importance to tha otperoer, tip Arthur 
has published a Map uf Zodiacal Stan, with direction* for ut|ng it, in which Ibc abov* 
Stars are particularly pointed out, and m*J he z*MGt readily know* fcp Qempwjaf Utft 
map with the heave us, than they possibly Qtn, hi *py wbll d M ft ri p U QU. 
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In taking a lunar ofairtvrioft, two aftsistahts should fail employed 
to observe the altitudes of the objects while the principal obsetver is 
taking their distance; also one with a watch to mark the tithes 
when the observations are made. If the Suti of Star be At a proper 
distance from the meridian, the time may be inferred from its alti- 
tude, but if it be too near the meridian, a watch will be absolutely 
necessary, whose error must be found by an altitude taken before or 
after the lunar observation, according ad it is most convenient. 

The Quadrants and Sextant being properly adjusted, and their 
Index errors found, place the assistants in the most convenient situ¬ 
ation, and let the one holding the watch be provided with a paper 
and pencil to note down the observations when taken ; all things 
being ready, proceed to take the distance between the objects, the 
assistants at the same time observing the altitudes of each ; when 
this is done give notice to the assistant with the Watch, who is to 
mark the exact time and set it down, together with the observations 
read off from the instruments; in this manner proceed four or five 
times, each set of observations being noted down in proper order; 
then take the mean of the times, and of each observation, by 
adding them together, and dividing their sum by the number of sets 
observed, the quotient will give the mean of each set, which is 
much more to be depended upon than if one set only were taken. 

The following exampfe will shew the form in which a $et of lunar 
observations are to be written down* 

June 5th, 1805. Height of the eye 20 feet. 

Times by cratch. Alt of *An tares. Altof ])’s 1. 1. Dist. ])*sfar. 1. 

k m * 0*0 O t H o/l 

9 21 o 26 51 o 41 45 30 62 26 33 

22 ao 27 o o 41 33 o 26 12 

*3 3 27 4 a 41 25 30 25 51 

24 15 27 12 o 41 14 30 25 14 

i6 6 27 24 6 40 58 o 24 25 

5) 116 40 135 3 l o 206 56 30 128 35 

Means - 9 23 20 27 6 12 41 23 18 62 25 43 

Err. of watch + 10 — 1 o — 1 15 —. toInd.Errs 

9 23 30 27 5 12 41 22 3 62 25 33 

It may sometimes happen, lhat for want of proper assistants, the 
altitudes of the two objects cannot be taken at the same time with 
their distance; in Which case the altitudes uiav be inferred from the 
apparent time and the latitude of the ship, according to rules laid 
down for that purpose j but it mast be observed, that unless these 
be well determined the operation will bring out a considerable error: 
k will therefore be found kHjcH more accurate to adopt the fttffoWifcg 
method, by which one person Can take a set of observations without 
assistants: having a good Quadrant to take the altitudes, and a Sex¬ 
tant to dbserte the distances. 

£ e 2 


Digitized by Google 


212 


OP FINDING THE TIME AT SEA 


Let the observations be taken in the following order, noting the 
times by a watch : 1, the altitude of the Sun or Star; 2, the altitude 
of the Moon; 3, any number of distances; 4, the altitude of the 
Moon; 5, the altitude of the Sun or Star. Now add together the 
distances, and the times when they were taken, each of which being 
divided by the number observed, will give the mean time and dis¬ 
tance: then to reduce the altitudes to the mean time, say, as the 
difference of times between the observations, is to the difference 
of their altitudes, so is the difference between the time that the first 
altitude was taken and the mean time, to a fourth number; which, 
added to or subtracted from the fiist altitude, according as it is in* 
creasing or decreasing, will give the altitude reduced to the mean 
time. 

EXAMPLE. 

Suppose the following observations were taken at the undermen* 
tioned times; required the altitudes of the Sun and Moon reduced 
to the mean time and distance ? 


Mean time 
3 11 33 m 47 * 


{ 


>er watch. 

1 25m 4 i» 

Alt. of Sun's lower limb 

54 ° 

y 

0* 

28 

44 

Alt. of Moon’s upper limb 

20 

3 

0 

33 

50 

Dist, nearest limbs 

73 

*3 

3 ° 

33 

3 ° 

Dist. nearest limbs 

73 

14 

10 

.35 

0 

Dist. nearest limbs 

73 

14 

30 

3 & 

20 

Alt. of Moon's upper limb 

20 

45 

0 

42 

4 

Alt. of Sun’s lower limb 

53 

14 

0 



Tiroes. 

Altitudes. 

Times. 


ist alt. 

3b as m 4J . 

54 ° 5 ' 

3 h 25 ,n 4 1 * 

1st altitude. 

id alt. 

3 41 ♦ 

53 *4 

3 33 47 

mean time. 

Diff. - 

l6 23 

-' 51 - 

— 8 6 — o° 25' 13* 



First altitude of Sun’s 

lower limb 

54 5 0 



Reduced altitude of Sun’s lower limb 

53 39 47 


Times. 

Altitudes. 

Times. 


Itl alt. 

3 h i8 m 44 * 

20° 3' 

3 h 28® 44 * 

1st altitude. 

2d ah. 

3 38 20 

20 45 

3 33 47 

mean time. 


Piff. - 9 36 


4 * 


5 3—0 0 22' 6 * • 


First altitude of Moon's upper limb - 20 3 


Reduced altitude of Mood's upper limb 20 25 6 

Hence ire obtain the following set of observations. 

Time per watch. Dist. near. I. of © & ([ . Alt. of ©'s low. 1 . Alt. of ([’s up. I. 


3 h 33 m 4 /‘ 


73 ° *4 y 


53 ° 39 ' 47 * 


ao° 25' 6* 


Op -pimping the Time at a given Place, and thence the 
Error of a Watch. 

Before we proceed to shew the methods of finding the time under 
a given meridian* it will be necessary to premise that there are three 
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different modes of reckoning time, with respect to the commence- 
me i ntof the day; these are denominated civil, astronomical, and 
nautical. 

The civil day, which is that used by the generality of mankind, 
begins at midnight and ends at the midnight following; it is divided 
into two equal parts of twelve hours each; the first are marked 
A.M., signifying Jute Meridiem , or before noon, and the latter 12 
are marked r.M., signifying Post Meridiem , or after noon. 

The astronomical day begins 12 hours after the civil day; 
that is, at noon, or when the Sun's center is on the meridian, and 
concludes at the following noon. It is generally reckoned through 
the 24 hours from noon to noon, and what are by the civil of 
common way of reckoning called morning hours, are by Astro¬ 
nomers reckoned in succession from 12, or midnight, to24bour». 
Thus 9 o’clock in the morning of July 3d, is by Astronomers called 
July 2d at 21 hours. 

The nautical, or sea day, commences at noon, or 12 hours 
before the civil day, and ends at noon of the civil day; it is divided 
into two parts of 12 hours each, the first being marked P.M. and 
the last A.M. This mode of reckoning arises from the custom of 
scameu dating their day’s work for the preceding 24 hours the same 
as the civil day; so that occurrences which huppen, for instance, 
on Monday 21st after noon, are entered in the Log marked Tues¬ 
day 22d. 

Hence it appears that the noon of the civil day, the beginning of 
the astronomical day, and the end of the qautical day, take place 
at the same lime. 

Time, as inferred from observations of the Sun, is denominated 
apparent and mean solar time. 

Apparent time is that which is derived immediately from the 
Sun, either by observing its transit over the meridian, which hap¬ 
pens at the instant of apparent noon , or by observing its altitude at 
a distance from the meridian. 

Equal or mean time, is that which is shewn by good clocks or 
watches properly regulated, which are supposed always to have a 
uniform and regular motion. 

The reason of these two different methods of dividing time is the 
unequal motion of the Earth in his orbit, combined with the inch- 
nation of its axis to the plane of the ecliptic; whereby the intervals 
of the Sun’s returning to the meridian are unequal in different times 
of the year; sometimes coming too slow and at other times too soon 
to the meridian for an uniform motion, such as that shewn by well 
regulated clocks or watches. This retardation or acceleration of 
the Sun’s coming to the meridian, which sometimes amounts to 
more than 16 minutes, is called the equation of.time; it is set 
down in page II of each month in the Nautical Almanac, and is 
to be applied to apparent time, as denoted in tb^ column from 
whence it is taken, in order to reduce it to mean time. 
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To find the apparent Time at ike Ship, and thence the trrtir 6f the 
Watch, by an Attitude of the Sun * 

Rule. — 1 . To the observed altitude of the Sun’s lower limb add 
the difference between the semidiamerer (from page III of the 
Nautical Almanac,) and the clip (V.;) from their sum subtract 
the refraction (IV.) and the remainder will be Sun’s true altitude. 

2. Take out the Sun’s declination for the nearest noon, frorh 

{ >uge II of the month in the Nautical Almanac, and correct it for 
ongitude and time (XXI.) Then proceed according to either of 
the following Methods. 

METHOD i. 


1. Subtract the Sun’s declination from QO 6 , when the latitude and 
declination are of the same name; or add it to 90 ° when they are 
of contrary names; and the sum or remainder will be the Sun’s 
polar distance. 

2. Add together the Sun’s altitude, the polar distance, and the 
latitude of the place of observation; take the difference between 
half their sum and the Sun’s altitude, and note the remainder: 

3. Then add together, 

The co. secant of the polar distance 7 . 

The secant of the latitude (XXV.) j re J ectm i5 the.rtnd.ee* 

The co. sine of the half suin ; 

And the sine of the remainder. 

4. Half the sum of these four logarithms will be the sine of an 
arch, which being multiplied by 8, will give the apparent time from 
the nearest noon ; consequently, if the observation be made in the 
morning, the time thus found must be taken from 24 hours to ob¬ 
tain the apparent time from the preceding noon. Hence the error 
Of the watch may be found. 

Or, the constant logarithm 5.30103 being added with the above 
four logarithms, their stun, rejecting tens fiom the index, will be 
the log. rising (XXIX.) answering to the time from noon. 


METHOD II. 


1. If the 9on*s decimation and co. latitude of the place be one 
nordi and the other south, take therr difference; but if they be 
both north or both south, take their sum for the meridian altitude. 
If that sum exceed 90 9 take it from 180°. 

2. From the natural sine of the San’s meridian altitude (XX Vf.) 
take the natural sine of the Son's true altitude ; then add together 

The 1 <d«.'Cch secant of the eo. latitude 7 . . . 

Tl* kg' secant of the cfecltn.tior. (XXV.) f re J e<;Un S the,r ,nd,ce * 

And tin* log. of the difference of the natural sines (XXIV.) 

2f.- The sum of these three logarithms being found in the Table of 
ming (XXIX.,) the corresponding time will be the apparent time 
from the nearest noon, as before. 
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Note. The observations should be taken when the Sun is at least 
two or three hours distant from the meridian, and the nearer it is to 
the east or west points ot the Horizon the better, because then the 
change of altitude is quickest, and an error of a few mile9 in lati¬ 
tude will not affect the time. 

It will be proper to observe several altitudes, noting the times by 
the watch when each is observed, and to use the means of the sets, 
which are found by adding the Bets together, and dividing their sum 
by the number that are taken. 

EXAMPLE I. 


June 5, 1809» the following observations were made of the Sun’s 
lower limb, in latitude ^1° 15' N., and longitude by account 15° W., 
the height of the eye bein^ 20 feet: required the apparent time, 
and from thence the error ot the watch. 


Times, 
h m s 

4 47 0 

Altitudes. 

26 19 

Obs. alt. ©’• lower 1. 

0 / * 

25 47 0 

0’s dec. June 5, 

O IB 

23 33 25 

48 10 

16 5 

Sun’s semid. 15' 47* 1 

+ II 30 

Corr. for long. 

+ 18 

49 5 

25 49 r 

Dip - 4 17 / 

Corr. for time 

+ I 25 

51 l 

s» 10 

25 29| 
25 

Sun’s app. alt. 

45 58 3° 

O’t redi declin. 

34 * 

5) *47 3« 

i»S 55 

Refraction 

Sun’s true alt. *> 

— 1 56 

*5 56 34 

Polar distance 

90 

67 as 5a 

4 49 30 

25 47 Means. 




METHOD i. 


True altitude 

Polar distance 
Latitude 

1 S 

67 

3i 

26 

15 

- Co. secant 0.03450 

- Secant o.coSqS 

Sum 

Half sum 

Remainder - 

134 

62 

36 

I OO O" ** 

- Co. sine 

- Sine 

9.66707 

9.77302 


36 


- Sine 

19.54376 

9-77>3* 

Apparent time 

Time per watch • 

4 h 49™ 40* 

4 49 3° 




Watch too slow 


10 


Co. latitude 
Declination 

Merdian altitude 
True altitude 


METHOD II. 

58" 45' N. 

2 } 34 N. 


Co. secant 0.06808 
Secant « 0*03459 


8k 19 Nat. Sine 98854 
25 57 Nat. sine 43759 



h 

Difference 55095 
m s 

Logv -- 4-74111 

Appatept time 

- 4 

49 49 

Log. rising 4-8437® 

Time per wateh 

4 

49 30 

Watch too slow 

. 

IQ 
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EXAMPLE II. 


March 17, 1809, the following observations were made in latitude 
51° IS N. and longitude 54° 20 7 VV., the height of the eye being 22 
feet: required the apparent time and error of the watch. 


Times. 

Altitudes. 


‘ o 

/ 

0 



h m s 

e t 0 

Ob*, alt. ©*s lower 1 . 

7 

26 

20 

©*s dec.Mar.18 0 

59 *9 

18 5° 

7 19 45 

Srmid. - itf 5* 1 


T T 


Corr. for long. — 

3 3 » 

5 * 50 

28 

Dip - 4 3 ° J 

*r 

1 I 

35 

Coi r, for time + 

5 6 

5 * 44 

3 # *5 


— 

— 

— 

— 





7 

37 

55 

O’s red. dedin. 1 

* 3 

3 ) >55 *6 

86 30 

Refraction 


6 

47 

90 


l8 51 48 

7 28 50 

Sun’s true alt. 

7 

3 1 

8 

Polar distance 91 

1 3 

*4 

— 2 30 

Index error 







5 8 ii 7 26 20 
Time fr. noon 
March 18th. 


METHOD I. 

True altitude - 7 0 31' 

Tolar distance - 91 1 - Co. secant 0.00007 

Latitude - 51 13 - Secant - 0.20316 

Sum - 149 45 

Half sura - 74 5 24 Co. sine 9.41651 

Remainder - 67 215 - Sine - 9*96517 

Const. Log. 5.30103 

Time from noon 5 h 6® 35* - - Log. rising 4.88594 

24 

Apparent time 18 53 25 

Time per watch 18 51 48 

Watch too slow 1 37 

METHOD II. 

Co. latitude - 38° 47' N. Co. secant 0.20316 

Declination • I I S. - - Secant - 0.00007 

Meridian altitude - 37 46 Nat. sine 61245 
True altitude * 7 31 Nat. sine 13082 

Difference 48163 Log. - 4.68271 

Time from noon - 5!* 6 °» 35* - - J.og. rising 4 88594 

Having found the time from noon, proceed to find the error of the watch, as in the first 

method. 

To find the apparent Time , and thence the Error of the JVatch 9 by 
an Altitude of a Star. 

Kule.— 1. From the observed altitude of the Star, subtract the 
dip and refraction (V. IV.,) and the remainder will be the Star's true 
altitude. 

2. Reduce the Star’s right ascension and declination (XV.,) and 
the Sun’s right ascension (taken from page II of the Nautical Al¬ 
manac,) to the time of observation (XXII.) 
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3. Proceed as with the Sun, by either of the methods in the last 
problem, to find the hour angle, or Star’s distance from the meri¬ 
dian (which with the Sun is the time from noon;) this being added 
to the Star’s right ascension, if the Star be to the westward of the 
meridian, or subtracted from it if the Star be to the eastward* the 
sum or remainder will be the right ascension of the meridian. . 

4. From the right ascension of the meridian, increased by 24 
hours if necessary, subtract the Sun’s reduced right ascension; and 
the remainder will be the apparent time of observation at the ship. 
Hence the error of the watch may be fouud. 

Note. If the time at the ship be not nearly known, then from 
the right ascension of the meridian subtract the Sun’s right ascension 
for the nearest noon, and the remainder will be the time at the ship 
nearly; to this add the correction for the time from noon (XXIL) 
if the observation be taken in the morning, but subtract it if taken 
in the afternoon ; likewise add the correction for longitude if the 
longitude be east, or subtract it if west; and the result will be the 
apparent time. 

< EXAMPLE I. 

April 21, 180Q, in latitude 42° l6 ; N. and longitude 5,6° 42 / W«, 
at 8h. iGm. 15s. per watch, the observed altitude of the Star 
Arcturus, being then east of the meridian, was 36° 57', and the 
height of the eye was 24 feet: required the apparent time and error 
of the watch. 

Ot)5. alt.-of Arcturus - 36° 57* Right ascen. of Arcturus, 1800 14^6^31* 

Dip of Horizon - — 5. Auo.var. 3.7a X 9 - + * 14 

Refraction - - — 1 ■ - ■ 

- Reduced R. A. of Arcturus - 14 6 56 

True ait. of Arcturus - 36 51 

Sun's right asceo. April a 1 l h 55“ 14* Declin. of Arcturus, xSoo ao° 45**?. 
Conr. for long. 57 0 W. - + 36 Ann. var. 19.1 x 9 - — ,3.5a. 

Corr. foi time 8* 16“ aft. n. + I 17 —- 

- - Reduced declin. of Arcturus 10 10 53 

Sun’s reduced right ascen. > 57 7 90 

Polar distance - 69 49 7 

METHOD I. 

True altitude - 36° 51* 1' .* ' 

Polar distance - 69 49 - - Co. secant 0.03753 

Latitude * 42 16 - - Secant 0.13076 

Sum 14$ 56 

Half sum - 74 28 - - Co.sine 9.41781 

Remainder - 37 31 " • Sine 9.785'fo 

*9-37*49 r ‘ J 7 
39° 1' - - Sine 9.68594 > ' 

, : _ ^ ^ , , •. ,. . 

Dist. of Arcturus from merid, 3* 53“ 8* east. * 

Ff : ' - 
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METHOD II. 


i Co. latitude • 47* 44' N. - 

Decpqatioq «• 30 11 N. 

Meridiap altitude 67 55 Nat. sine 92664 

True altitude 36 51 Nat. sine 59971 


piffereoce 32697 


Dist. of Avetmaa from merid. 3b 52"! so* east 
Rignt ascen. of Arcturus 14 6 56 


Right ascen. of merid. 
Sun's right asceo. 

Apparent time 
Tune per watch 

i 

W^oh tpo slonr 


10 

14 

46 

I 

57 

1 

8 


39 

8 

16 

*5 


1 

24 


EXAMPLE If. 


Co. seoaat 0.13076 
Secant 0.0275a 


tog. - 4 - 5*444 

log. rising 4.67271 


January 5, 1809 , in latitqde'Jg 9 W';N. ftid longitude by account 
88 ?. J5'East* the following altitudes of the Star Procyon were taken 
when westward of the meridian; the observer's eye being 20 ftet 
above the surface of the sea: required the apparent time and error 
of the \iratch. 


Times. Altitudes. 

. h ."»* * / 

19 41 30 26 15 

45x6 2514 

44 *$ 24 29 , 

54 30 22 47 

59 *3 21 *7 

5) 248 48 120 2 

a 4 

obs. altitude - 24 0 
Dip of horizon - — 4 

Refraction - — 2 

b m 1 

•’s R. Ascen. 1800 7 28 40 

Ann. var. 3.14x9 + 28 

reduced R. Ascen. 7 29 17 

° f h 

•*s declin. 1800 - 3 44 n 

Ann. Tar. 7.5x9 - — 1 7 

•*s true altitude - 23 54 
h m s 

Q*e It. A. Jan. 6, 19 8 48 
Corn ferlong* ^ — 14 
Corr. for time - — 1 19 

O’s red.R. Ascen. 19 6 25 

16 49 45 24 0 

24 

reduced dectio. 5 43 4 
90 

rio 15 

Tima before noon, 

January 6th. 

Polar distance - 84 16 56 


METHOD I* 


True altitude 
Polar distance - 
Latitude 

• & 54 ' 

84 17 - 

18 22 - • • 

Co. secant 0.00217 

Secant - 0.02271 

Sum 

Half sum * 

Remainder 

1 • 

1 1 

> • 

t* i 3 j*c? 

<« 

Co. sine 9,65293 

Sine ■ - 9.80236 

Const.Log. 5.30103 

Star’s distance from meridian 4b 26*45* east • 

Log. rising 4.7812* 
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METHOD II. 

Co. latitude • yi° 38'N. 

Declination • 5 43 N. ■- - • 

Meridian altitade 77 21 Nat. sine 97573 

True altitude - 23 54 Nat. siue 40514 

Difference 57059 

Star’s Distance from meridian 4I* 26® 45 1 west 
Star’s Right Ascension - 7 29 17 

Rt. Ascen. of meridian - XI 56 2 

Sun’s Right Ascension - 19 6 25 

Apparent time • 16 49 37 

Time per watch - 16 49 45 

Watch too fast - 8 

To find the Error of a Watch by equal Altitudes t>f the Sun • 

Rule. —1. In the morning, when the Sun is nearly east, or at least 
two or three hours from the meridian, take several altitudes, and 
note the corresponding times that are shewn by the watch since the 
preceding noon* In the afternoon, observe when the Sun has the 
same altitudes, and note down the times opposite the respective 
altitudes, adding 24 hours to each. Take the means of the morn^ 
ing and afternoon times; add them together, and half their sum 
will be the middle of the times of observation ; to this apply the 
equation of equal altitudes from Table XXXVI., and tbe result wifl 
be the time per watch when tbe Sun was on the meridian; the differ¬ 
ence between which and 24 hours will be the error of the watch at 
apparent noon* 

2. To find the error of the watch for mean time,apply theequation 
of time (taken from page II of the Nautical Almanac, and reduced 
to the meridian of the ship by Table XXX VII.) to 24 hours, by addi¬ 
tion or subtraction, as directed in the column from which it is taken, 
and the sum of remainder will be tbe mean time when the SuD is oA 
the meridian ; the differeuce between which and the time per watch 
at apparent noon, will be the error of the Watch for meafi time. 

Note. This method of finding the error of a watch, and thereby 
regulating its going, is well adapted for practice on shore, where 
tbe altitudes may be taken with a Sextant by means of an Artificial 
Horizon •, and the corresponding times found with great exact¬ 
ness; and it is recommended in observing, to fix the Index of the 


» Co. secant 0*02271 
• Secant - 0.002x7 

Log. * 4 * 73 * 1 * 

Log rising *78120 


* There are many different kinds of Artificial Horizons j but (he best of these consists 
of a Wooden trough into which a quantify of quicksilver is poured, the surface of which, 
agreeable to the nature of fluids, always' preserves a horizontal plane: over this is placed 
a roof, to protect the quicksilver from the action of the wind, in Which are fixed two 
plates of glass, the two sides of each bvtag ground perfectly plaoc and parallel. When 
this apparatus is used, the upper limb of the Sun’s image reflected from the 
Index-glass, (the inverting telescope being tfsed) is to be brought into contact With 
the lower Rtttb of the Sofe’i hfrage reflected from the qafcfcs i Wtr ; the fcngfe on the In¬ 
strument being then read off, and the Index-error applied to it, will gif* double the Alt!- 

F f a 
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Sextant to some particular division, and wait till the contact of the 
images takes place. 

EXAMPLE I. 

July 21st, 1809, at Edinburgh, in latitude 55° 5T N., and longi¬ 
tude 8° 12' W., the following observations were made at equal alti- 


Alts, of Sun’s low. 1 . Times per watch A.M. Times per watch P.M. 

' e # 

h 

m s 


h m 

8 

35 *° - 

20 

8 20 

- - 

*7 43 

42 

35 io - 


9 29 

- 

42 

35 

35 3 ° - * 


10 37 

** 

4 i 

24 



* 

00 

1 " 


127 

41 

Means 

20 

9 *9 

- 

27 42 

34 • 


27 

4 * 34 


20 9 

29 

Interval 

7 

33 5 


47 5 * 

3 



Middle time 

23 56 

1 

Latitude 


- 

55 * 57 ' - 

Tang. 

- 10.17020 

Equation to equal altitudes, first part, (XXXVI.) 

\ g| fit 

T iMT 

a ni r aa 

to Sun’s longitude 3 S. 28°, and interval 7b 33m 

! ^ O'.OI 

i-og. 


Reduced equation, first part 

. 

. - 

+ ia # . 74 

Log. 

- I. 10520 

second part 

- 

- 

— 1 .77 


. 

Equation to equal altitudes 

. 

. 

+ >o -97 



Middle time • 

- 

a 3 h 

56“ i» 





- 

- — 


h m s 

Time per watch at apparent noon 

- 

*3 

56 12 

- 

23 56 12 



14 % 

' 



Watch too slow for apparent time 

• 


a 

00 



Mean time at apparent noon 

• 


- 

- 

*4 5 57 

Watch too slow for mean time 

- 

- 

- 


9 45 


EXAMPLE II. 

April 10, 1809, at Bombay, in latitude 18° 56' N. and longitude 
72° 54' E. the following equal altitudes of the Sun were observed: 
required the error of the watch. 

Alts, of Sun’s low. 1 . Times per watch A.M. Times per watch P.M, 


0 

1 

h 

m 

s 


h 

m 

8 

29 

0 

- 19 

53 

30 

- 

28 

9 

48 

29 

5 

- 

53 

52 

- 


9 

25 

29 

15 

- 

54 

39 

- 


8 

37 

29 

20 

• 

55 

0 



8 

*7 
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1 



_3 6 

7 


Means 

19 

54 

15 

- 

28~ 

9 

2 



28 

9 

a 


19 

54 

15 


Interval 

T 

14 

47 


48 

3 

17 





Middle time - 

24 

1 

38 


lode of the Sun’s lower limb above the horizontal plane ; to tbe half of which, if 
semidiameter, refraction* and parallax be applied, the result will be the true altitudi 
the Sun’s center* 
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Latitude - - - *8° 56' 

Equation 10 equal altitudes, first part, (XXXVI.) 1 , # .. 

to Sun’s longitude 0 S. 20° aud interval I5 m j ' 

- Tsng. 

- Log. 

- 9-53533 

- 1.13*30 

Reduced equation, first part 

second part 

— 5 * 94 
* + t .10 

- Log. 

* o -77363 

Equation to equal altitudes 

Middle time 

Time per watch at apparent noon 

— 4 -»4 

24 h 1013b* 

- 24 i 33 

24 

- 

h m s 
*4 1 33 

Watch fast for apparent time 

Meau time at apparent noon 

1 33 

- 

24 1 17 

Watch fast for mean time 

- 

. 

6 


METHODS OF WORKING A LUNAR OBSERVATION. 

To find the apparent Altitudes and Distance . 

Rule. — 1 . Turn the ship’s longitude by account into time (XTX.) 
and add it to the time at the ship if it be west, but subtract it if east; 
the sum or remainder will be the supposed time at Greenwich 
which call reduced time. 

Q. From page VIl of the month in the Nautical Almanac take 
out the Moon’s horizontal parallax and semiHiatneter, and reduce 
them to the time of observation + ; from Table VIl take a number 
of seconds answering to the observed altitude, which add to the 
Moon’s reduced semidiameter, and their sum will be the Moon’s 
augmented semidiameter. 

3. If the Moon’s lower limb be observed, add the semidiameter 
to the observed altitude, but if the upper limb be taken, subtract it; 
from the sum or remainder subtract the dip of the Horizon (V.) and 
the result will be the Moon’s apparent altitude. 


* In east longitude, when the longitude in time exceeds the time at the ship, add 24 
hours to the latter, and subtract us before ; then the remainder will be the time from 
noon of the preceding day. 

In west longitude, when the sum of the longitude in time and the time at the ship ex¬ 
ceed* 24 hours, take 24 hours from it, and the remainder will be the time from noon of 
the following day. 

«f* The Moon’s horizontal parallax and semidihmeter are reduced to the tim* of obser¬ 
vation thus: take them out for the nearest noon and midnight,before and after the reduced 
time,and find their difference; then say, as 12 hours, is to the difference in 12 hours, so is the 
reduced time since the preceding noon or midnight, to a proportional part; which, being 
added to or subtracted from the horizontal parallax or semidiameter at the preceding noon 
or midnight, according as it is increasing or decreasing, will give them reduced to the time 
of observation. If the reduced time be near noon or midnight, the reduction will not be 
necessary, as may be seen in the first and second examples, and, in general, the propor¬ 
tional part may be found sufficiently exact by inspection. ^ 
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4. Then, if the Sun he observed , to the observed altitude of the 
lower limb add the semidiameter (taken from page III of the month 
in the Nautical Almanac)and subtract the dip; the result will be the 
Sun’s apparent altitude. 

5. To the observed distance add the semidiameters of the Sun and 
Moon ; their sura will be the apparent distance. 

6. But, if a Star he observed ', from its observed altitude subtract 
the din, and the remainder will be the Stdr’s apparent altitude. 

7. To the observed distance of the Moon and Star, add the Moon’s 
semidiameter, if the nearest limb was taken, but subtract it if the 
farthest limb was observed: their sum or difference will be the ap¬ 
parent distance. 


To find the true Distance *. 

method i. 

Rule. —1 . To the correction of the Moon’s altitude (XXX.) add 
the correction of the Sun or Star s altitude f; their sum, added to 
the difference of the apparent altitudes, when the Moon’s altitude 
is greater, or subtracted from it, when the Moon’s altitude is less 
than the Sun or Star’s, will give the difference of their true al¬ 
titudes. 

2 From the natural co-sine of the difference of the apparent 
Altitudes (XXVI.) subtract the natural co-sine of the apparent dis¬ 
tance, when the apparent distance is less than 90°; but when it is 
greater, add together the natural co-sincs; and to the logarithm of 
this stun or remainder (XXIV.) add the logarithmic difference 
(XXXI.;) then, the difference between the natural number of this 
sum and the natural co-sine of the difference of the two altitudes, 
will be the natural co-sine of the true distance, when the natural 
number is less than the natural co-sine of the difference of the true 
altitudes ; otherwise the remainder will be the natural co-sine of the 
supplement of the true distance, or the natural sine of the excess of 
the true distance above [)0°. 


METHOD II. 


Rule.’ — 1. To the sum of the apparent altitudes add the differ* 
ence of the correction of the Moon’s altitude (XXX.) and that of 
the Sun or Star’s altitude +, which will give the sum of the true altiv 
tudes, of which take half. 

♦ I have herd given four different methods of clearing (he distance: the first is 
Mr. Dunthnrne’s; the second is derived from that of M. Borda, abridged by the Table of 
Logarithmic Differences; both requiring six places of figures; the third is similar to that 
given by Mr. Witchell, end requires onty four places of figures; the fourth was invented 
byMendoea Rios, Esq. and has the peculiar advantage of not requiring any distinction 
of cases, an inconvenience which prevails in the third, and, indeed, in every other ap¬ 
proximate method except this last. 

f The Sun’s correction is the difference of the refraction and parall&X in altitude 
(IV. yi.) The Stax’s correction is the refraction in altitude (IV.) 
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2. Add together the apparent altitudes and apparent distance, 
and find the difference between half this sum and the apparent 
distance. 

3 * To the log. co-sines of the half sum and difference (XXV.) add 
the logarithmic difference (XXXI.) and half the sum of these three 
logarithms will be the log. sine of an arch. 

4 . Add together the log. co-sines of the sum and difference of 
the arch, and half the sum of the true altitudes; then wiH half the 
sum of these two logarithms be the log. sine of half the true 
distance. 

Note. In the preceding methods it may be observed that the 
seconds of the apparent distance may be omitted until the operation 
is finished, and then they are to be added to the computed distance. 
If the sum of the apparent distance and altitudes should have an 
odd digit in the units place of the minutes, the minutes in the 
distance may be increased by an unit; and, in this case, what 
the given number of seconds wants of 60 " are to be subtracted from 
the computed distance. 

METHOD III. 

Rule.—1 . Add the Sun or Star's and the Moon's apparent atti¬ 
tudes together, and take half their sum ; subtract the less froiti the 
greater, and take half the difference; then add together, 
the log. co-tangent of half the sum (XXV.) 
the log. tangent pf half the difference ; 

and the log. co-tangent of half the apparent distance: 
their sum, rejecting the tens in the index, will be the log. tangent of 
an arch, which call a. . 

2 . When .the Sun or Star's altitude is greater than the Moon's, 

take the difference between the arch a and half the apparent dis¬ 
tance; but if less, take their sum ; then add together, * - 

the log. co-tangent of this sum or difference ; 

the log. co-tangent of the Sun or Star's apparent altitude; 

and the proportional logarithm (XXXIV.) of the Sun of Star’s 
correction* ; their sum, rejecting the tens in the index, WiUbe the 
proportional logarithm of the first correction. 

Or, the refraction (IV.) answering to the complement of the/ 
abovemeniioned sum or difference will be the first correction nearly. 

3. If the sum of the arch a, and half the apparent distance, was’ 

taken in the preceding article, now take their difference; but if 
their difference was then taken, now take their sum; then add* 
together, . 

the log. co-tangent of this sum or difference; 
the log. co-tangent of the Moon’s apparent altitude; 

and the proportional logarithm of the Moon’s correction (XXX.) 
their sum, rejecting the tens in the index, will be the proportional 
logarithm of the second correction. 


• 6«* bottom of 
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4 . When the arch a is less than half the apparent distance, the 
first correction must be added to, and the second correction sub¬ 
tracted from the apparent distance; but when the arch a is greater,’ 
both the first and second corrections are to be added to the apparent 
distance, if the Moon’s altitude is the greater; but when the Moon’s 
altitude is the less, they are both to be subtracted from it to give 
the corrected distance. 

5. Enter Table XXXV. with the corrected distance at the top or 
bottom, and the Moon’s correction and second correction alter¬ 
nately in the side column : the difference between the number of ‘ 
the seconds thus taken out being added to the corrected distance, 
when it is less than 90 °, or subtracted from it when above, will give * 
the true distance. 

METHOD IV. 

Rule.—1. Add together the apparent distance and apparent 
altitudes, and take half their sum ; the difference between the half 
sum and the Sun or Star’s apparent altitude call the first remainder: 
and the difference between the half sum and the Moon’s apparent 
adtitude call the second remainder. _ 

2. Add together, , 

the log. sine of the apparent distance; ; , * 

the log. co-sine of the Moon’s apparent altitude.; 

the log secant of the half sum; . 

the log. co-secant of the first remainder; 

the proportional logarithm of the Moon’s correction (XXX,) 

and the constant logarithm 9 . 6990 ; 
their sum, rejecting the tens in the index, will be the proportional 
logarithm of the first correction. 

S. Add together, 

the log. sine of the apparent distance (already found ;) 
the log. co-sine of the Sun or Star’s apparent altitude j 
the log. secant of the half sum (already found;) 
the log. co-secanl of the second remainder; , 

the proportional logarithm of the Sun or Star’s correction *; 

and the constant logarithm 9-6990: 
their sum, rejecting the tens in the index, will be the proportional 
logarithm of the second correction. 

4. The difference between the first correction and the correction 

of the Moon’s altitude, call the difference of corrections. , t 

Enter Table XXXV. with the apparent distance at the top, and 
the Moon’s correction in the side column, the corresponding number 
will be the third correction ; in the same column, and opposite the 
difference of corrections, will be found the fourth correction* 

5. Subtract the sum of the Moon’s correction,and the second and 
fourth corrections, from the apparent distance; to the remainder add 


* See note at bottom of page aaa. 
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the Sun or Star’s correction, and the first and third corrections; 
their sum will be the true distance. 

Having the true Di$ta?ice to find the Longitude . 

Rule.—I. Among the true distances of the Moon’s center from 
the Sun or fixed Stars, set down in pages VIII, IX, X, and XI, of 
each month in the Nautical Almanac, find those two distances on 
the given day that are next less and greater than the true distance 
found by the observation, which place under it: take the difference 
between the true distance and the first of these two distances, also 
the difference between the two distances ; subtract the proportional 
logarithm of the second difference from the proportional logarithm 
of the first difference, and the remainder will be the proportional 
logarithm of a portion of time, which added to the time that the 
first of the two distances, taken from the Almanac, was computed 
for, the sum will be the apparent time at Greenwich. 

2. Take the difference between the apparent time at Greenwich 
and the apparent lime at the Ship*; convert it into degrees and 
minutes (XIX,) and it will give the true longitude of the Ship; East, 
if the time at the ship be greater than the time at Greenwich 
(reckoned from the same noon) but West if the time at the Ship be 
less than the time at Greenwich. 

EXAMPLE I. 

, October 15, 1809, in latitude 17° 26 ' N., and longitude by account 
58° East, about 4 o’clock P.M. the angular distance of the Sun and 
Moon was observed to be 82° 38 ' 30 "; the altitude of the Sun’s lower 
limb being at the same time 2 7° 12', the altitude of the Moon’s upper 
limb 47 ° 18 ', and the height of the eye 18 feet: required the true 
longitude of the Ship. , ... 

h ^ iff __ ^ in 

Time* at ship -40 ])’s hor. par. at noon 59 aa ]) *s semid. at noon • 16 xi 

Long, in time - 3 52E. 0 , Augmentation - + n 

- Obs. alt 1 )’fup.limb 47 18 ^ ■■ ■ ■ 

Reduced time o 8 J’s semid. D’s augm. semid. + 16 aa 

0 , Dip of hor. 4 4 J 0 ’s semidiameter + 16 $ 

Obs. alt. Q’sl.L 27 ia - Obs.distance - 82 38 30 

©’a semid. 16*5* 1, D’8 app. altitude - 4658 - 

Dip of hor. 4 4 J t App. distance - 83 1037. 

0 *s app. altitude 27 24 

* If the Sun, or the Star from which the Moon’s distance is computed, be far enough* 
from the meridian when the distance was observed, the time at tne ship is to be found 
from its altitude by the Rules in page 214 or 216; but if the object be too near the meri-* 
dian, or the altitude taken with the distance cannot well he depended on, (although it 
may be sufficiently exact for clearing the distance) the time at the ship, and thence the 
error of the watch, must be found either before or after the distance is taken, and the' 
error applied to the mean of the times given by the watch, when the distance is ob¬ 
served (os in the third example j) and it must be understood that in this-case the longitude 
deduced from the lunar observation wiU be that of the ship, at the time the error of the 
watch was ascertained. 

Gg 
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Tajind the true Distance. 


Apparent distance 

*3° ic/ 

METHOD T. 

“ Nat. co. sine 118982 


J*« app. altitude 
©** app. altitude 

46 58 

V 24 



Diff. app. altitudes 

*9 34 

• Nat* co. sine 942252 

log. <Hff. 9.994684 

J *s Corn 3^ 38* \ 
©’* Corr. i 41 j 

4 - 4i 19 

Difference 823270 

Nat number 813255 
- Nat. co. sine 958159 

- Log. - 5.91554a 

Diff. true altitudes 

20 15 19 

- Log. - 5.910224 

Seconds omitted 

Si 49 29 
+ 57 

• Nat. co. sine 124904 


True distance 

82 50 26 



D ’s apparent altitude 46® 58' 
©** apparent altitude 27 34 

METHOD 11. 

- - - 46° 58' 

• • • 27 24 


Sum app. aliitudes 
D*s corr. 39' 38* *) 
©% corr. 1 41 j 

74 M 

+ 37 57 

App. distance 83 10 

Sum - 157 j* 

Half - 78 46 

Log. diff. 9.904684 
Oo-sine - 9.289600 
Ct-siae - 9.998718 

Sum true altitudes 

74 59 57 

Difference 4 24 • 

Half 

Arch 

37 *9 58 
*5 5 * 41 

- ... 

19.283002 

Sine - • 9.641501 

8am 

Difference 

<3 *8 39 
H 31 *7 

m ► • • 

Co-sine » 9*649869 
Co-sine • 9.991x60 


0 t W 


19.641029 


41 04 45 

2 

• - . • 

*ne - - 9.820514 

Seconds omitted - 

82 49 30 
+ 57 



True distance 

81 50 27 



J’s apparent altitude 46® 58' 
©»s apparent altitude 37 24 

METHOD 111. 


Sum - 

Difference 

Apparent distance 
First correction 

74 22 

J 9 34 

83 10 57 
+ 1 *7 

- Half . 37 j\ 

- Half - % 47 

- Half - 4 ? $ 

- Co.tan. 10.xioo 

- Tangent 9.2366 

• Co.tan. 10.0519 

Second correotie* • 

Tharieeneelften . 

83 *4 

Arch A 14 22 

- Tangent 9.4085 

— 21 50 

8a 50 24 
+ 1 

- 55 57 

Sun 1 * altitude 27 24 
Sen's correction i'4i # 

- Co. tan. 9.8298 

- Co. tan. 10.*854 

- P. Log. a.0291. 

TnN«elaBoe 

8a 50 25 

First correction 1 17 

Y. log. a. 1443 


Difference - 17 

Moon's altitude 46 58 
Moon’s corr. 39' 38* 

- Co. tan. ro. 2888 

• Co. tan. 9.9702 

- P. Log. 0.6572 



Second corr. 21 50 
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METHOD IV, 


a t 

App. distance 83 n - 

Sine - 

9.9969 - 
9-0341 

9-9969 

Moon's eem 

0 / * 

— 39 3 * 

D*sapp. al». 46 58 - 
0 ’3 app. alt* 27 34 - 

Co-sine 

9 - 94*3 

Second eon. •* 

— »4 

Co-sine 

- 

Fourth corr. 

- O 

Sunt - 157 33 

Half sum - 78 46- 

Secant 

0.7104 - 

O.7IO4 

Sum • 

App. distance 

1 

*3 10 57 

First remainder 51 22 - 
Second rem. 31 48 - 

Suit’s corr. - i' 41* - 

Co. sec. 
Co. sec. 

0.1073 

0.2782 

Run's correction 

8a 3 ° 55 
+ 1 41 

P. Log. 

- 

2.029t 

First correction 

+ *7 4 * 

Moon’sco it. 39 38 - 

P. Log- 

0.6572 

Third correction 

+ 1 

First correction 1748- 

Diff. corrections 11 50 

Const, log .9.6990 - 9.6990 

■ ■ i True distance - 

P. Log. 1.0049P.L.a.6619 Second corr. 24* 

82 50 25 


To find the Longitude of the Ship . 


True distance (by Method zv) 
Distance at noon 

Distance at 3 hours - 

0 t 0 

- 82 50 25 

82 48 14 

84 l6 40 




First difference 
Secoud difference 

- 

r 3 II 

i 38 »6 

. P. Log. 
P. Log. 

1.9x62 

0.2621 


Proportional part - 
Time of first distance 

• 

040 

0 0 0 

P. Log. 

*.6541 


Time at Greenwich - 

- 

040 




App. alt. sun’s center 
Refraction 

0 t 

27 24 

— a 

0*s declin. Oct. 

15, at noon, by Naut. Aim. 1 

/ H 

28 I4S. 

True alt. sun’s center 

27 22 





Co. latitude 
Declination 

0 i 

72 34 N. 
8 28 S, 

*• m 

u " 

* — 

Co. secant 

See** - 

0.02042 

0.00476 

Meridian altitude - 
True altitude « . 

64~7 

2f 22 

- Nat. sine 

- Nat. sine 

- 89956 

- 4596* 



App. time at Ship * 
Ditto at Greenwich 

h m s 

3 50 56 

040 

Difference 

43988 - 

Log. 

Rising - 

4-64333 

4 . 66*41 

Longitude m time -* 

3 46 j6 

= 56° 44 / East. 





EXAMPLE II, 

August 25, 1809, in latitude 45° 37' S. and longitude by account 
44 ° W. about 9 o'clock P.M. the distance of the Moon’s remote limb 
from the Star An tares was observed to be 95 a 32' 10", at the same 
time the altitude of the Moon’s lower limb was 30° 22', the altitude 
of the Star (being west of the meridian) 48° 16 , and the height of 
the eye 16 feet: required the true longitude of the Ship, 

G 2 
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h m 

Time at ship 9 o 
Long, in time 2 56W. 


Reduced time 11 56 

**s Obs. altitude 4^ 16 
Dip of horizon - — 4 


/ n 

ys hor. par. at midn. 58 20 

o / 

Obs. alt. ])’s low. limb 30 22 
D’sangm.scmi. 16' 2" 1 , 

Dip of horizon 350 12 


D’s apparent altitude 30 34 


Ketnid. at midn. 15 54 
Augmentation - +8 


])’s anpm. semid. — 16 2 

Obs. di*tance - 95 32 io 


App. distance - 95 16 8 


•'s App. altitude 48 1 a 


To find the true Distance . 


METHOD I. 

Apparent distance 95 0 i6 # - Nat. co-sine 091791 


D’s app. altitude 30 34 
*'s app. altitude 48 12 


Diff. app. altitudes 17 38 - Nat. co-sine 95301$ 

D’s corr. 48' 37" \__ R Sum - 1044806 

*’s corr. 51 J 49 20 

-Nat. mim. 1036259 

Diff. true altitudes 16 48 32 - Nat. co-sine 957275 

o / h - -- 

94 31 48 - Nat. co-sine 078984 
Seconds omitted 4 * 8 


True distance - 94 51 56 


Log. diff. 9.996434 
Log. - 5.019035 

Log. - 5.015469 


METHOD II. 


D’s apparent altitude 

3°°34' - 

30° 34' 


•’s apparent altitude 

48 12 

. - - - 

48 

12 


Sum app. altitudes - 

— 

Apparent distance 

95 

16 


78 46 

— 


D's corr 48' 37" 1 
*’s corr. 051 J 

+ 47 46 

Sum 

Half 

Difference 

174 

87 

8 

2 Log. diff. 

1 - Co-sine - 

15 - Co-sine - 

9*996434 

8.7163X3 

9-995482 


Sum true altitudes - 


79 33 46 

* 




18.708299 

Half 

39 46 53 




Arch 

*3 3 46 

- - 

• 

- Sine ~ 

9-354M9 

Sum 

5 2 5° 39 

- 


- Co-sine - 

9.781026 

Difference 

*6 43 7 

- ’ 

- 

- Cc-sine - 

9-950961 


0 t n 




*9-73*9*7 


47 15 54 
2 



- Sine 

9.865993 

Seconds omitted 

94 31 4* 

+ 8 





True distance •* 

94 3» 5* 
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METHOD III. 


Moon’s app. altitude 3^°34* 
Star’s app. altitude 48 12 


Sum - 

78 46 

- 

Difference 

*7 33 

- 

Apparent distance' 

95 16 

8 

Fust correction 

+ 

44 

Second correction - 

95 5 2 
— 44 55 

Third correction 

94 3 * 

57 

0 


True distance - 94 31 57 


Half 

39 ° 2 3 # 

- 

Co. tan. 

10.0857 

Half 

8 49 

- 

Tang. , 

9.1906 

Half 

47 38 


Co. tan. 

9.9600 

Arch A 

9 47 

- 

Tang. 

9.2363 

Difference - 

37 5 i 

- 

Co. tan. 

10.1095 

Star’s altitude 

48 12 

- 

Co. 'an. 

9 * 95*4 

Star’s corr. - 

d 51* 


P. Log. 

2 3259 

First correction 44 

- 

P. Log. 

2.3868 

Sum 

57 *5 

- 

Co. tan. 

9.8056 

Moon's altitude 30 34 

- 

Co. tan. 

10.2287 

Moon’s corr. 

48' 37 " 

* 

P. Log. 

0.5685 

Second corr. 

44 53 

- 

P. Log. 

0.6028 

ETHOD IV. 






App. distance 

0 

95 16 

- Sine - 9.9982 «r 

9.9981 

Moon’s corr. 

0 r h 
— 48 37 

Moon’s app. alt. 

3 ° 34 

- Co-sine 9.9350 


Second corr. 

— 7 

Star’s app. alt. 

48 12 

- Co-sine 

9.8138 

Fourth corr. 

— 18 

Sum 

174 2 




— 49 2 





App# distance 

95 16 8 

Half sum - 

87 1 

- Secant j.2836 

1.1836 



First rem. 

38 49 

- Co-sec. 0.2028 



94 27 6 

Second rem. 

56 27 

- Co-sec. 

0.0791 

Star’s corr. 

+ 51 

Star’s corr. 

o' 51* 

- P. Log* 

2.3259 

First corr. 

+ 3 42 

Moon's corr. 

48 37 

- P. Log. 0.5685 


Third curr# 

+ *8 



Couat.log. 9.6990 

9.6990 







True distance 

94 3 1 57 

First correction 

1 3 4 2 

- P. Log. 1.6871 P. 

L. 3.2096 Second corr. 7" 



Diff. of com# 44 55 


To find the Longitude of the Ship . 

True distance - - 94 ° 3 1 ' 57 * 

Distance at9 hours - 9a 50 it 

Distance at 12 hour* - 94 3 2 22 


First difference - - 1 41 46 - Prop. Log. 2477 

Second difference - 1 4 * 21 * Prop. Log. 2459 

h m s - 

a 59 15 - Prop. Log. 0018 
Time of first distance -900 


Time at Greenwich - xi 59 15 


Star's apparent altitude 

0 / 

48 12 

Star’s right ascension, 1800 

h m 4 
16 17 10 

Refraction 

— 1 

Ann. variation, 3.64X9 = 

+ 33 

Star’s true altitude - - 

48 xz 

Star’s reduced right ascension 

16 17 43 
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Star’s declination, 1800 
Annual variation 8.7x9 

- 25 58 
= + 1 

a a S, 
18 

Sun’s right ascension Aug. 25 - 
Corr. for Greenwich time, ia hrs. 

h m • 
10 15 14 
+ X 51 

Star’s reduced declination 15 59 40 

Sun’s reduced right ascension 

*0 17 5 

Co. latitude 

Star’s declination 

44 ° 3 /S. 

ao 0 S. 


- 

Co. secant 
Secant - 

0-15504 

0.04634 

Meridian altitude 

True altitude 

■*» 
00 0 

M 

M 

- 

Nat. sine 94196 
Nat. sine 74528 






Difference 19668 

• Log. . 

4.19376 

Star west of meridian 
Star’s right ascension 


3 h 

16 

6^ 23* 

17 43 

Rising - 

4-49334 


Right ascension of meridian - 
Sun’s right ascension 

Apparent time at Ship 
Apparent time at Greenwich 

Longitude in time 


*9 

24 

6 

10 

17 

5 

9 

7 

1 

11 

59 

>5 


2 52 14 = 43 ° 3 ' 3 °" West. 


EXAMPLE IIL 

September 29 , 1809, in latitude 33° 28' N. and longitude by ac¬ 
count 130° VV., the following sets of observations were taken in order 
to determine the true longitude, the height of the eye being 20 feet, 
the watch not regulated, but the errors of the instruments previously 
ascertained. J 


Times 


Alts. O’s 1 . 1 . 

h m 

9 

0/0 

23 20 

10 

52 18 O 

21 

7 

21 O 

22 

25 

*4 45 

24 

0 

30 O 

25 

30 

33 15 

5) 113 

ia 

127 0 

Means - 23 2a 

38 

52 25 24 


+ 

30 

52 

25 54 


Alls. ])’snp. 1. Distances. 


0 

/ 

0 

0 

f 

0 

11 

45 

0 

IOO 

II 

10 

11 

33 

30 


10 

45 

11 

18 

0 


9 

45 

10 

59 

45 


9 

25 

10 

40 

30 


8 

45 

56 

16 

45 


49 

50 

11 

15 

21 

100 

9 


+ 

1 


— 


15 Index Errors. 

11 

16 

21 

100 

9 

43 


“ “ i 0 

Time at ship 23 23 D *a reduced hor. par. 54 2a 
Long, in time 8 40 W. 


J *s reduced semid. 14 49 
Augmentation - +3 


Reduced time 3a 3 
*4 

Ditto Sept. 30 8 3 

Obs. alt. O’s low. I. 5 2 0 25' $4* 
Sun’s semidiameter 4. 16 o 

Dip of horizon - — 4 17 


Obs. alt. ])’s up. 1. n* i(/ 21* 
D’s augm. semid. — 14 52 
Dip of horizon — 417 


’s app. altitude 10 


J>*» augm. semid. + 14 52 
0’s semidiameter + 16 o 
Obs. distance - 100 9 43 

App. distance - 100 40 35 


Sun’s app, altitude 3a 37 37 
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Moon’s app. altitude 
Suo’s apparent altitude 

Sam ... 
Difference 

Apparent distance - 
First correction 


Second correction - 

Third correction 
True distance 


To find the true Distance. 
method in. 

,0 °57 # 

5* 3» 


*3 35 
41 41 

100 40 35 - 
+ 2t 

100 40 56 
— 4t 48 

99 59 8 

— X 

99 59 7 


Half 

Half 

Half 


3* 47 
20 50 
50 ao 


Arch A - vj o 


Difference 
Sun’s alt. 

Sun’s corr. 

First corr. 

Sum 

Moon’s alt. 

Moon’s corr. 48' 34' 

Second corr. 41 48 


13 ao 
5* 38 
38* 

ai 

77 ao 
10 57 


Co. tan. 
Tangent 
Co. tan. 


10.1079 

9.5804 

9-9 I *7 


Tangent 9.7070 


Co. tan. 
Co. tan. 
P. Log. 


10.365a 

9.8829 

*•4536 


- P. Log. - a. 7017 


Cn. tan. 
Co. tan. 
P. Log. 


9*3517 

10.7134 

0.5689 


P. Log. - 0.6340 


Sum 

Half sum - 
First remainder 
Second rem. 
Sun’s corr. 


Diff. of com. 41 47 



METHOD 

IV. 



. t 

100 41 

- Sine 

9 - 99*4 

. 

9 * 99*4 

Moon’s corr. — 48 34 
Second corr. — 17 

Fourth corr. — 17 

■ »° 57 
5 » 38 

- Co-sine 

- Co-sine 

9.992° 

- 

9 * 783 * 

164 l6 

8a 8 

- Secant - 

0.8637 


0.8637 

— 49 8 
App. dist. 100 40 35 

29 30 
71 11 

- Co-secant 

- Co-secant 

0.3077 

_ 

0.0139 

99 51 27 
Sun’s corr, 4- 3$ 

0 3 *' 

- P. Log. 

0.3689 

9.6990 

- 

2*4536 

First corr. 4. 6 47 
Third corr. 4- 16 

48 34 

“ P. Log. 
Const. Log. 


9.6990 

6 47 

- P. Log, - 

1-4237 P 

.L. 

Tree dist. 99 eg $ 
a.8157 Second corr. ij* 


To find the Longitude of the Ship. 


True distance 
Distance at 6 hours 
Distance at 9 hours 

First difference - 
Second difference 

Proportional part ~ 

Time of first distance 

Apparent time at Greenwich Sept. 30 


Ditto from noon, Sept. 29 


0 

99 

/ 

59 

H 

8 

100 

56 

24 

99 

35 

6 

0 

57 

x6 

1 

21 

18 

h 

in 

s 

a 

6 

47 

6 



T 

T 

47 

24 




32 6 47 


- P. Log. 4974 

- P. Log. 345a 

- P. Log, 152a 
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The Sun being too near the meridian at the time of taking the 
distances, to infer the time from its altitude, the following observa¬ 
tions were made in the afternoon in order to determine the error of 
the watch ; the latitude of the Ship being then 33° 12' N., and longi* 
tude by account 130° 22' West. 


Times. 

Alts. O’: 

sl.l. 


h ui s 

0 1 

n 


4 io 15 

20 48 

O 

Ohs. nit. ©’si. 1 . 

11 30 

20 30 

O 

Seinulinrii. 16' 0* 

id 26 

20 21 

.40 

Dipofhur. 417 

14 0 

20 6 

15 


*5 19 

19 47 

O 

Apparent altitude 
liefi action 

63 3 ° 

101 3 2 45 

— — 

— 

True altitude • 

4 12 42 

20 18 

33 

Means 

— 

15 

Index En or 


20 18 

18 



20 

18 

18 

0 ’s dec. Sept. 

30 2 

44 

3 



43 

Cun. tor toil". 

- + 

8 

24 

* T 

I I 

Corr. tot time 

- + 

4 

6 

20 

30 

1 

Reduced dec tin 

2 

S'> 

33 

— 

2 

3 i 


90 



20 

2 7 

3 ° 

Polar distance 

9 2 

56 

33 


True altitude 

- 

20 ° 

27 ” 



Polar distance 

- 

92 

5 '“i 

Co. secant 0.0^057 

Latitude 


33 

12 

Secant 

0.07740 

Sum 


146 

3 6 



Half sum 


73 

18 

- Co. sine 

9.45843 

Remainder 


52 

5 °a 

Sine 

9.90 1 44 






19-43784 



3 i° 

34 ' 

8 

Sine 

9.7184/4 

App. time at Ship Sept. 30 

4 h 

I 2 m 

3 2 * 



Time per watch 

4 

12 

42 



Watch too fast 



10 



Time of obs. dist. per watch 

23 

22 

38 



App- time of obs. dist. at 1 
Ship Sept. 29 / 

23 

22 

28 



App. time at Greenwich ) 
lrom noon, Sept. 29 - J 

32 

6 

47 



Longitude of ship 

8 

44 

19 = 

131° 4' 45" West. 



Note. The above is the longitude of the Ship at the time the 
error of the watch was found, and is to be reduced to noon by the 
log. 

EXAMPLE IV, 

March 31# ISO*)* in latitude .30° 57' S. and longitude by account 
36° east, the following observations of the Sun’s lower limb were 
taken, the height of the eye being 18 feet, and the error of the 
quadrant 3' to be subtracted: required the error of the watch. 
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5) 


Times. 

Altitudes. 

h m s 

0 / # 

4 3 X 20 

16 15 

32 46 

16 O 

34 0 

15 40 

35 7 

15 ^7 

35 5# 

15 20 

169 it 

78 42 

4 33 5° 

x 5 44 24 
— 3 


15 4i 24 


Obs. alt. Q 'b h l 
Semidiam. i6' 


Dip 


4 4. 


0 

IS 4i *4 
ii 59 


Sun's app. altitude 15 53 23 
Refraction - — 3 19 


Sun’s true altitude 15 50 4 
Means 
Index Error. 


O *8 dec. Mar. 31 4 6 3a N. 
Corn for long. — a 19 
Corn for time - -V 4 27 


0’s red. declin. 4 8 40 
90 


Polar distance 94 8 40 


True altitude - 15 0 50^ 

Polar distance - 94 9 

Latitude - 30 57 


Sum - - 140 56 

Half sum - , 70 28 

Remainder - 54 38 


Apparent time 
Time per watch 


4 h 35 m o* 
4 33 50 


Watch too slow 


1 10 


Co. secant 0.00114 
Secant r 0.06671 


Co. sine 9.52421 
Sine - 9.91140 
Const. Log. 5.30103 

Log. rising 4.80449 


In the Evening the following observations were made of tjie Moon 
and the Star Uegulus: required from thence the true longitude of 
the Ship. 



Times, 
h m a 

8 13 45 

15 20 

16 4a 
18 5 
20 18 

Alt. of Regulus. 
0/0 

43 34 0 

40 0 

45 0 

50 0 

58 0 

Alt. ])*s 1. L 

0/0 

31 4a 0 
3a a 0 

32 20 0 

32 36 0 

33 4 0 

, Dist. D *s far. L 

0 tf 

45 34 0 

34 40 

35 45 

36 25 

37 20 



84 IO 

227 0 

161 44 0 

178 10 


Means - t 

Err., of watch 

8 16 50 
+ 1 10 

43 45 44 
+ * 3° 

32 20 48 
— 3 0 

45 35 38. J „ 

+ 30 Index Errors 


8 18 0 

43 46 54 

3» «7 48 

45 36 8 


Time at ship 
Long, in time 

h m 

8 18 
a 24 E. 

D’s hon par. at noon 
Ditto at midnight - 

60 16 

D f s semid. at noon 
Ditto at midnight 

/. • 

16 aa 
i4 25 

Reduced time 

5 54 

Difference in 1 a hours 

*4 

DilLtn 12 hours - 

3 


H k 
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oil 

•'sobs, alt. 43 46 54 
of hoi** —44 


il h : 14*:! S h S 4 m ? I 9 ill*: 3* :: 5*54® f 1# 
P’s hdr. par. 3 t noon 60 2 P’s semid. at noon 16 22 

P’s reducedhor.par. do 9 P’s reduced scmid. 16 23 
0 , g Augmentation - 4- $ 

Obs. alt. p’s low*. 1 . 32 17 48 -- 

p’s augm, semid. '+ 16 31 P’s augm. semid. - 16 34 
Pip of horizon -**-44 Obs. distance 45 36 8 

J’s app. altitude 32 30 15 App. distance 43 19 37 


alt; 43 42 jq P’s reducedhor.par. do 9 


To find the true Distance, 

METHOD III. 


Moon’s app. altitude 32 
Star’s apparent altitude 43 


Sum - 
Difference - 
Apparent distance 
First correction 


Second correction - 

Third correction 
I’hie distance 


76 13 

Half 

38 6 

- 

Co. tang. 

10.1056 

It 13 

Half 

J 36 

- 

Tangent 

8.9913 

45 19 37 “ 

Half 

22 40 


Co. tang. 

10.379a 

+ 6 







Arch A 

l6 40 

- 

Tangent 

9-4763 

45 *9 43 


— 




— *5 43 

Difference 

6 0 

- 

Co. tang. 

10.9784 


Star's altitude 

43 43 

- 

Co. tang. 

ro.0195 

44 54 0 

Star’s correction 

0 59 * 

- 

P.Log. , 

2.2626 

+ 15 







First correction 

. 6 

• 

P, Log. - 

3.2605 

44 54 15 







Soiti ,«* 

39 *° 

to 

Co. tang. 

10.0865 


Moon’s altitude 

3 * 3 ° 

? 

Co. taug. 

10.1958 


Moon’s corn 

49 ' 15 * 


P, Log. - 

0.5629 


Second coir, 

15 43 

- 

P. Log. - 

0.8452 


App. distance 

0 1 

45 20 

METHOD JV. 

- Sine - 9.8520 -r 9.8520 

Moon’s core. 

0 

t 4 

49 *5 

Moon's app. alt. 

3 ^ 3 ° 

• Co-sine 

0.0260 

Second core, 

— 

53 

Star’s app. alt. 

43 43 

- Co-sine 

. 9.8596 

Fourth core. 

— 

6 

Sum 

Half sum 

33 

’6o 46 

- Secant - 

0.3113 * 0.3x13 

App. distance 

45 

5 ° 14 
*9 37 

First remainder 

17 3 

- Co-secant 

0.5328 


44 

29 23 

Second rem. 

28 16 

• Co-secant 

- 0.3246 

Star’s core. 

+ 

59 

Star's correction 

o' 59 * 

* P.Log. 

- 2/2626 

First core. - 

+ 

23 31 

Moon's 'Core. 

49 *5 

- P.Log. 

0.5629 

Third core. - 

+ 

21 

First correction 

13 3 * 

Const. Log. 9.6990 • 9.6990 

-'— —■ ■ Tree distance 

- P. L05. o.884o?.L,2.3o 8$ Secpnd core. 53% 

44 54 *4 

!>i& cores. * 

44 







Digitized by Google 



Ltttt&ft OftltRVAttOKJ, 


as 

To find the Longitude of t\e Shift 

V* « > * 

True distance - - 44 54 14 

Distance at 3 hours - 43 9 31 

Distance at 6 hours - 44 57 58 

first difference * - - 1 44 42 - P* k>g. 335$ 

Second difference - - 1 48 26 - P. Log. 2201 

Proportional part * 1*» 53™ 48* * P*. Log* 015I 

Time of tirst distance - 3 

Apparent time at Greenwich 5 53 48 * 

Apparent time at Ship *- $ 18 0 

LonjituxJe in time * * 24 12 ?= 36* y Ifiast. 

EXAMPLES FOR EXERCISE. 

I. June 2, 1809, in latitude $2° 35' north, and longitude by ae- 
rount 140° west, about 20“ S0 m , the distance between the Sun and 
Moon was observed to be 106° 23' 30 # ; at thfe same time the altitude 
of the Moon’s uppef limb was 31 Q l&, and the altitude of the Sun's 
lower limb 41° 32'; the height of the eye being 18 feet: required 
the true longitude of the ship. 

Answer. The true distance is 106 ° 8 ' 18"; apparent time at Green¬ 
wich 29 h 49® 27* after noon of June 2; apparent time at ship 
20* 29" 50*; and longitude of the ship 139° 54' 15" west. 

II. January 29 . 1809, in latitude 3° ltf south, and longitude 92° 
west, about midnight, the distance of the Moon’s nearest umb from 
the Star Aldcbaran was observed to be 46° 12'40"; the altitude of 
the Moon’s lower limb being 63° 24', the altitude of the Star 21 a 54', 
and the height of the eye 14 feet: required the true longitude of 
the ship. 

Answer. The true distance is 46° 49' 3 # ; the apparent time at 
Greenwich 18* 9 m 35*; the apparent time at ship ll*59*55 i ; and 
the longitude of the ship 92° 25' west. 

III. April 9, 1809, in latitude 64° 4Cf north, and longitude by 
account 4° east, at 19 *4* 36* per watch, the altitude of the Sun’s 
lower limb was 14° 2'45"; and on April 10, at 0 h 32® 40* per watch* 
the distance between the Sun and Moon was observed to be 50°4' 10"; 
the altitude of the Sun's lower limb being 32* 20*', the altitude of 
the Moon’s upper limb 6° 32', and the height of the eye 18 feet: 
required the true longitude of the Ship at the time the Sun's altitude 
was taken for finding the error of the watch. 

Answer. The apparent time at the Ship when the Sun’s altitude 
was observed is I9 h 6® 58*, consequently the watch was 2 m 22* too 
slow; the true distance is 50° 5' 52"; the corresponding time at 
Greenwich 0* 1S W 39*; the time at Ship 0 h S5 m 2‘; and hence the 
longitude of the Ship 4° 5'45" east. 

II h 2 
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IV. July 27, 1809* in latitude 15° 27' South, and longitude 1W 
account l62° West, at 15* 1 l? 1 * 1 So * per watch, the distance of the 
Moon's nearest limb from the Star « Arietis was 0*7° 15' 35% the 
altitude of the Moon’s upper limb 60 ° 39', and the altitude of the 
Star 40° 29'; and at 2C h l(i m 18 s per watch, the altitude of the Sun’s 
lower limb was 24° 25J'; the Ship being then in latitude 15° 4S' 
South; and the height of the eye at each observation l2feet: re¬ 
quired the true longitude of the Ship. 

Answer. True distance 67° 13' 5"; apparent time at Greenwich 
when the distance was observed 42 s past noon, July 27; ap¬ 

parenttime at Ship when tlie Sun’s altitude was observed 2Q h 14® 48% 
consequently the watch was l m 30* too fast; apparent time at 
Ship when the distance was observed 15 h Iti" 1 3 s , longitude of the 
Ship when the Sun’s altitude was taken 162 ° 39' 15" West. 

Having the apparent Time , and the Ship's Place , to find the true 
and apparent Altitudes of the Sun, Moon, or Stars . 

When the altitudes of either or both of the objects whose 
angular distance is taken, cannqt be observed on account of the 
obscurity of the horizon or otheT circumstances, they may be com¬ 
puted as follows: 

Rule.—1. Find the meridian distance of the given object, which, 
if it be the Sun, is the apparent time from noon ; but if the object 
fre the Moon, or a Star, then add the Sun’s right ascension to 
the apparent time; their sum will be the right ascension of the 
meridian ; the difference between which and the right ascension of 
the object, will be its meridian distance. 

2 Add together the log. rising of the meridian distance (XXIX.) 
the log. co-sine of the latitude (XXV.) 
and the log. co-sine of the declination ; 
the natural number corresponding to the sum of these three loga¬ 
rithms (XXIV.,) rejecting the tens in the index, being found and 
subtracted from the natural sine (XXVI.) of the sum of the co. 
latitude and declination when they are of the same name, or their 
difference when of contrary names, will give the natural sine of the 
/true altitude. 

3. If the object be the Sun or a Star, the refraction (IV.) added 
to the true altitude, will give the apparent altitude; but if the 
Moon’s apparent altitude be required, the correction taken from 
Table XXX. with the true altitude and horizontal parallax, is to be 
subtracted from the true altitude. 

Note. The right ascension and declination of the Sun and Moon 
are to betaken from the Nautical Almanac, and reduced to the time 
of observation. 
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EXAMPLE T. 


llequired the true and' apparent altitudes of the Sun on June 
Ath, 1S09, in latitude 31° 1j N. and longitude ]4° 50' W. at 
4 h 49 m 40’. 


Time from noon 

4 h 

49™ 40 * 

- 

* 

Log. rising 4.84380 

Latitude - v 

31 ° 

15' N. 

- 

- 

Co-sine - 9.93192 

Sun’s declination 

22 

34 N. 

- 

- 

Co-sine - 9.96541 

Co. latitude 

58 

45 






Nat. number 

55097 

98854 

- Log* * 4 - 74 J 13 

Sun’s meridian altitude 

81 

19 - 

Natural sine 


Sun’s true altitude - 

25 ° 

57 ' * 

Natural sine 

43757 


Refraction 

+ 

2 





Sun’s apparent altitude 35 59 


EXAMPLE If. 


Required the true and apparent altitudes of the Star Arcturus 
on April 21, 1809, in latitude 42° 16 'North, and longitude 56° 40' 
West, at 8 h 17 m 40 s . 



h m s 


h 

m s 

Apparent time 

8 17 43 

Sun’s right asccn. April 21 

1 

55 *4 

Sun’s right ascension 

1 57 7 

Correction for longitude 

+ 

36 



Correction for time 

+ 

1 1 7 

Right ascension of meridian 

IO 14 47 




Star’s right ascension - 

14 6 57 

Sun’s reduced right ascen. 

1 

57 7 

Star’s meridian distance • 

3 5 * 10 

- - - - Loi. rising 


4.6717* 

Latitude - 

4 2° if/ N. 

- Co-sine - 


9 - 

Star’s declination 

20 II N. 

- Co-sine - 


9.97:4s 

Co. latitude 

47 44 



— 



Natural number 32693 Log. 

- 

4 * 5 * 44 ^ 

Star’s meridian altitude 

67 55 - 

Natural sine 92664 



Star’s true altitude 

36 5 l - 

Natural sine 5997 1 



Refraction - 

+ 1 




Star’s apparent altitude - 

3 6 5 * 





EXAMPLE Ilf. 

Required the true and apparent altitudes of the Moon, March 2o t 
1809, at 9 b 4 5 m , in latitude 34° 29 ' S. and longitude 18° 24' E. 

h x ^ O / O / 

Time at ship - 9 45 D’s R. asceu. at noon 121 22 D’9 dec. at noon 15 o >f 

Long, in time 1 14 Pro. part loi 8 h 3i m + 431 Corr.for time(WlII)—i 2 

Reduced time 831 ])’s red. right nscen. 125 53 Moon’s red. dcclin. 13 58 

Ditto in time (XIX) 8 h 23™ 32 s h. in s 

ys hor. par. 56* 23* Sun’s right ascension March 26 01957 

Cor rection for tune (XXII) - 4- 1 17 

Sun's reduced right ascension - o 21 14 
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h 

m s 



Apparent time 

9 

45 



Sun’s right ascension 

0 

21 14 



Right ascension of meridian 

l tQ 

6 14 



Moon’s right ascension 

8 

*3 32 







Moon’s meridian distance 

1 

41 42 

* 

- Log. rising 3.9944? 

Latitude 

34 ° 

29' S. 

- - 

Co-sine - 9.91608 

Moon’s declination 

*3 

58 N. 

- 

- Cosine - 9.9869** 

Co. latitude » - 

53 

31 






Natural number 

7898 Log. * 2.807*2 

Moon’s meridian altitude 

41 

33 - 

Natural sine - 

66327 

Moon’s true altitude <- 

35 ° 

45 ' - 

Natural sine *- 

5*429 

Moon's correction 

— 

44 



Moon’s apparent altitude 

35 * 




OF TlME-KfeEPERS* 

tt has already been observed, that if a Watch could be made td 
shew always precisely the time under any given meridian, the longi¬ 
tude of a place might be easily computed by comparing the time 
shewn by the watch with that at the given place : but it is hardly to 
be expected that such a complicated machine can perform so ac¬ 
curately as never to deviate from the time at the meridian tQ which 
it is set; nor indeed is this absolutely necessary; for if its error at 
the given meridian be known on a certain day, and also its rate, gr 
daily gain or loss, we can thence deduce the time at that meridian 
as well as if the hands of the watch actually pointed it, out; pro¬ 
vided that it goes uniformly, which is all that is essential in the 
motion of a time-keeper. In order, therefore, to obtain these parti¬ 
culars it is usual for the maker, or person into whose care the ma¬ 
chine is intrusted, to examine its error every day, by comparing it 
with a well-regulated astronomical clock: these errors being then 
set down in a book kept for the purpose, the daily differences shew 
its rate and the regularity of its motion. The rate and error of a 
time-keeper may likewise be ascertained by single or equal altitudes 
of the Sun*. For instance, suppose on a certain day a time-keeper 
was found, by altitudes of the Sun, to be 5 h 30® 10* too fast for 
mean time at the meridian of Madras; and that by observations 
taken ten days afterwards, it was 5 h 30*40* too fast; I thence find 
that it has gained 30 seconds in 10 days, and conclude that its daily 
gain is 3 seconds. Observations of this kind should be repeated 
and compared together as often as convenient, in order to find the 
rate the watch has gone at between every two such observations, by 
which the regularity of its going will be proved. Having by these 
means established its rate and error at the meridian of the place of 
observation, the longitude of a ship on her voyage may be found 
as follows. 

* Altitudes for this purpose may be accurately taken on Shore by means of an artificial 
horizon.—See note at bottom of page 219. 
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To find the Longitude by a Chronometer or Time-keeper, 

Ru le.—*-1 • Take several altitudes of the Sun or a Star, when it is 
&t least two or three hours distant from the meridian, and note 
the times by the time-keeper when they were observed ; of which 
take the means. 

2. To the mean of the times add what the time-keeper was too 
slow, or subtract what it was too fast, for mean time at the place 
where the rate was ascertained; then multiply the daily rate by the 
number of days and parts of a day that have elapsed since it was 
determined; the product of which, added to the above sum or re¬ 
mainder, if the tiine-keeper is losing, or subtracted from it if gain¬ 
ing, the result will be the mean time at the place where the rate was 
ascertained; to which add the longitude of the place in time, if it 
be west, or subtract it if east, and the sum or remainder will be %\\e 
mean time at Greenwich. 

3. With the latitude, true altitude, and declination, find the appa-> 
rent time by the rules given in page 214 or 2lG; to which apply the 
equation of time (taken from page II of the month in the Nautical 
Almanac, and corrected by Table XXXVII.) by addition or sub¬ 
traction, as denoted in the column from whence it is taken in the 
Nautical Almanac; lienee will be found the mean time at the Ship ; 
the difference between which and the mean time at Greenwich 
will give the Ship’s longitude; east, if the time at the Ship be 
greater, or west if it be less, than the time at Greenwich. 

EXAMPLE I. 

June 24, 1809* in latitude 10° 4' S. the following altitudes of the 
Sun’s lower limb were observed, with their correspondent times, by 
a Chronometer, whose daily gain had been settled at noon, April 22, 
at 2.l # per day; at which time it was 2 h 31“ 45* too fast for Green¬ 
wich time; the height of the eye being 20 feet: required the true 
longitude of the Ship. 


Timet. Altitudes. 


h 

m 

8 

0 1 ~ 


0 t 0 


s 

n 

28 

35 

io 8 

Obs. alt. 0’s low. 1. 

to 37 48 

Daily gain 

2.1 


29 

20 

io x8 

Semidiam. 15' 46" 

1 

Days from April 1 , 


30 

48 

io 33 

Dip - 4 17 

r+ tl 29 

22 to June 

aj / 04 


3* 

6 

io 55 

Sun’s apparent alt. 




33 


ii 15 

10 49 17 


84 


— 

— 


Refraction 

— 4 51 


126 

i 

>54 

x 3 

53 9 









Sun’s true altitude 

10 44 26 


60)134.4 

n 

30 

5 1 

v »° 37 48 





2 

3 * 

45 

Original error. 

Gain since Apr. 22 

2™ 14* 

20 

59 

6 



Sun’s declination, June 25 

0/0 
23 25 4 

— 

2 

*4 

Gain since April 22* 

Corr. for time bcf. n. 3 h yn 

0 0 

20 

I® 

5^ 

Time at Greenwich June 24. 

Sun’s reduced declination 

13 55 4 

24 







3 

3 

~8 

Ditto before 

Hoop, Jupe 25. 
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Co. latitude 

79 ° 

56'S. 

- 

- 

Sun’s declination - 

*3 

25 N. 

- 

* 

Meridian altitude 

56 

3 1 

Natural sine 

83405 

True altitude 

10 

44 » - 

Natural sine 

18638 




Difference 

64767 


h 

in s 



Time from noon 

4 

54 i* 

- Log. rising 


24 



Apparent time 

19 

5 48 



Equation of time 

+ 

* 3 



Mean time at Ship 

19 

7 5 i 



Mean time at Greenwich 

20 

56 5* 



Longitude in time 

1 

49 1 = 

27 0 15' 15* West, 


EXAMPLE II. 


Coseeant 0.00674 
Secant - 0.03733 


Log. - 4-8113$ 

4 . 8554 * 


January 27, 1809, in latitude 6° 58' N. the following altitudes of 
the Sunflower limb were observed, (the eye being elevated 18 feet,) 
corresponding to the times shewn by a time-keeper, whose error and 
rate were established at Bombay, January 16, having on that day 
been found 5 h I7 m 42 s too slow, and losing 5.5® daily: required the 
longitude in. 

Times. Alts. 

b m s o , o tv * 

23 426 184a Obs. alt. 0’s low. 1 , 181140 Daily loss - 5.5 

7 17 iX 12 Semidiam. i6 # 16" 1 Days from Jan.16 1 

930 J 7 4 I Dip - 4 4 J+ 141 * to Jan. 27 - JJ* 

3 ) 21 13 54 35 Sun’s app. altitude 18 23 52 60)60.5 

- 1 - Refraction - — 2 so -- 

• 13 7 4 18 11 40 -— Lost since Jan. 16 i m 0.5* 

5 17 42 Original err. Sun's true altitude 18 21 2 ° , v 

- - Sun’s declination Jan. 27 18 28 53 

28 24 46 Corn for lime before noon + 15 

+ I I Lost since Jan. 16. - 

■ - - - Sun’s reduced declination 18 29 8 

28 25 47 Mean time at Bombay, aft. n. Jan 26. 1 90 

4 51 38 Long, of Bombay in time, E. - .. 

—— Sun’s polar distance 108 *9 ^ 

23 34 9 Mean time at Greeqwich Jan. 26. 


True altitude 

Polar distance 

Latitude 

l8° 21 # 

108 29 

6 58 

Co-secant 
Secant - 

0.02300 

0.00322 

Sum 

Half sum - - . 

Remainder 

133 48 

66 54 

48 33 

h m s 

- - Co-sine 

- - Sine 

Const. Log. 

9.59366 
9.87479 
5 * 30 i °3 

Apparent time at ship - 
Equation of time 

4 3 » 5 ° 
+ 13 9 

- - Log. rising 

4-79578 

M ean time at ship 

4 44 59 
24 



Ditto from noon Jan. 26 
Mean time at Greenwich 

28 44 59 

»3 34 9 



Longitude in time 

5 IP 59 
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EXAMPLE III. 


May 28, 1809, in latitude 0° 48' N. the mean of several altitudes 
of the Star Antards, when eastward of the meridian, was 30° 42'; 
the height of the eye being 16 feet, and the mean of the times by 
the Chronometer H) h 13 m 21*, which had been found May b, at St, 
Helena, 0 h 54 m 32* too fast at noon, and gaining daily 15.4*: re¬ 
quired the longitude of the ship. 


h m > 

Time by Chronometer io 13 it 
Original error - o 54 32 


18 49 

6 o 


Gain since May 5 — 


Mean time St. Helena 9 
long, of St. Helena + 


. * i § 

Stars obi. alt. 30 42 o 
Dip — 3 50 

Refraction • — I 35 

Star’s true alt. 30 36 35 

h m s 

0’»RA.Maya8 4 19 15 
+ 1 37 


1* 49 

22 54 W. Corr. for time 


Daily gain - 15.4 

Days from May 1 
5 to May 28 / 

<o)354-* 

Gain in 23 days 5a 54s 
Gain in 9 hours + 6 


Mean time at Greenw. 9 35 43 Sun’s red*R.A. 4 20 52 


GainsinceMay5 6a o* 


1 / 

Co. latitude - 89 12 N. 

Star's declination - 20 o S* 


Meridian altitude - 63 12 Natural tine 89259 

True altitude - 30 36{ Natural sine 50917 

Difference 38342 « 
h m s 

Star’s dist. from meridian 3 40 3 East 
Star’s right ascension - 16 17 43 


Right ascen. of meridian 12 37 40 
Sun’s right ascension - 4 20 52 


Apparent time at Ship - 8 16 48 

Equation of time - —37 


Co-secant 0.00004 
Setant - 0.04634 


log. - 4-58367 
Log. rising 4.63003 


Mean time at Ship - 8 13 41 

Mean time at Greenw. - 9 35 43 

Longitude in time - i 22 2 = ao 6 Jc/ We it. 


EXAMPLE IV. 

August 1, 1809, in latitude 30° 12' N., the altitude of the Star 
Arcturus, when west of the meridian, was observed to be 13° 27', 
at IS* IO 01 3V by a Time-keeper which was 15“ 45* too fast for the 
meridian of Greenwich on June 28, at 7 P.M. and has since lost 
14.5* daily; the height of the eye being 24 feet: required the 
longitude of the place of observation. 


Answer. Longitude of the Ship 28° 14' 45* West. 


I i 
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METHOD of KEEPING 

A 

JOURNAL at SEA. 


Ak. Sea Journal is a book wherein is registered an exact and re- 

f ular account of the various occurrences that happen on board a Ship 
uring her Voyage; but more particularly those concerning the 
Ship's wayl in order that her situation may be known at any time 
required. 

For this purpose there is kept in the steerage, or some other con¬ 
venient part of every Ship, a large board, painted black, called the 
Loo Board, which is usually divided into six columns; the first, 
on the left hand, contains th£ 24 hours from the noon of one day 
to the noon of the following; the second and third columns are for 
the knots and fathoms the Ship runs in half a minute, or the miles 
and tenths in an hour *; the fourth column contains the courses 
steered by the Compass; in the fifth the winds are entered; and in 
the sixth, the various remarks, such as the state of the weather, the 
sails set or taken in, the observations made for ascertaining the 
Ship’s place, the variation of the Compass, and whatever else may 
be thought necessary. All these particulars are entered every day 
at noon into a book divided into columns exactly like the log board, 
and called the Log Book. From .this book the Navigator makes 
the necessary deductions, relating to the Ship’s place, ever}’ day at 
noon ; which operation is called doing a Day’s Work. 

While the Ship is in port, the remarks entered in the log book are 
called Harbour Work ; and the account of the Ship’s way, &c. 
kept at sea, is termed SeA Work. 

In Harbour Work the day is estimated according to the civil 
reckoning, as on shore; that is, from midnight to midnight; but at 
sea, the days works being made up every noon, are dated the same 
as the civil day, so that the days work marked Monday, began on 
Sunday at noon, and ended on Monday at noon ; hence the day by 
the Ship’s reckoning, which, is called the Nautical Day, begins 
twelve hours before the civil day; the first twelve hours, or those con¬ 
tained between noon and midnight, being marked P.M., signifyhig 

* In the Royul Nary and Ships in the service of the East India Company, the log ii 
hove every hour, but in most trading Vessels only once every two houif. This last 
circumstance make* no difference in the computation, excepting that the knots and 
fathoms run on erery course by the log, must be doubled, to give the whole diataace. 
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post meridiem, or after noon, and the other twelve hpurs, A.iVf., sig¬ 
nifying ante meridiem, or before noon *. , t • 

When a Ship is hound from one place to another that lies so far 
from her that sne is obliged to leave the land, at the time ot losing 
sight of it, the bearing of some place is to be observed, whose lati¬ 
tude and longitude are known; which, together with the estimated 4 
distance of the Ship from the land, is to be set down on the log 
board. This is called taking a Departure. The distance may, how¬ 
ever, be more accurately known by taking the bearing tv\ice, and 
noting the Ship’s course and distance between them, as shewn in the 
first example of Oblique Sailing. 

To correct the Courses Steered by Compass. 

The Variation of the Compass, which is usually found by obser¬ 
vation, as already explained, must be applied ito all courses steered, 
and on all bearings taken by the Compass, in the following manner. 
Suppose yourself placed at the center of the Compass, and looking 
directly forward to the point you are to allow the variation from ; 
then, if the variation be easterly, allow it to the right hand of the 
course steered, or bearing taken, by Compass; but if westerly, to 
the left hand ; by which you will obtain the true course., 

For example, suppose the course steered by compass is N.E.byN.* 
and the variation is I point westerly; now, 1 point to the left hand 
of N.E.byN., is N.N.E., which is the true course required. ; Agqin,‘ 
suppose 1 set a Cape, and find it bears from me S.W. by Compass, 
the variation being If point easterly: here if point allowed to the 
right hand of S.W. will give S.W.by W.f VV., the true bearing of the 
land. 

The courses must likewise be corrected for leeway, the nature of 
which may be thus explained. When a Ship is close hauled, and 
tlie wind blowing fresh, that part of the wind which acts upon the 
hull and rigging, together with a considerable part of the force 
exerted on the sails, tend to drive her immediately from the direc¬ 
tion of the wind, or, as it is termed, to leeward. But since the 
bow of a Ship exposes less surface to t)ie water than the side, the re¬ 
sistance will be less in the first case than in the second; the velocity, 
therefore, m the direction of her head, will, in most cases, be 
greater than the velocity in the direction of Jier side, and the Ship’s 
course will be between the two directions. Now the angle con¬ 
tained between the line of the Ship’s apparent cour>e and the line 
she really describes through the water, is termed her Leeway. 

The quantity of leeway to be allowed will depend upon a variety 
of circumstances; as the mould or trim of the Ship; the quantity of 
sail she carries; her velocity through the water; &c.: hence no ge- 


• At the Astronomical Day begins at noon of the ciril day, which is the end of the 
nautical day, tba declination of the Son, used in determining the latitude by a meridian 
altitude, is taken out from the Tabks, ©r^ Almanac, for the noon of the chril day. 

1 i 2 
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neral rules can be laid down with accuracy that will determine the 
quantity of leeway at all times. The following have, however, beer| 
usually given by most writers on Navigation. 

1. When a Ship is close hauled, has all her sails set, the water 
smooth, with a light breeze of wind, she is then supposed to make 
little or no leeway. 

2. When the top-gallant sails are handed, allow one point; 

3. When under close-reefed topsails, allow two points; 

4 . When one top-sail is handed, allow two points and a half; 

5. When both top-sails are handed, allow three points and a half} 

6. When the fore-course is handed, allow four points; 

7. When under the main sail only, allow five points; 

8. When under the balanced mizen, allow six points; 

9. When under bare poles, allow seven points. 

As these allowances depend entirely on the quantity of 9ail set, 
without regard to any other circumstance, it is evident they can 
only be considered as probable conjectures, and may indeed serve 
to work up the day’s work of a Journal that has been neglected. 
But since the computation pf a Ship’s way depends much upon the 
accuracy of this allowance, it should always be the duty of the 
Officer of the Watch carefully to observe the leeway, and either al¬ 
low it upon the courses steered, before they are put down on the 
Log-board, or else set it down in a column reserved for that pur¬ 
pose. 

The leeway that a Ship makes may be easily estimated thus: 
draw a small semicircle on the taffrail with its diameter at right 
angles to the 'Ship’s length, and divide its circumference into 
points and quarters; then observe the angle contained between the 
semidiameter which points right aft, and that which points in the 
direction of the wake, and it will be the leeway required. But the 
most accurate method of determining the leeway is, to have a semi¬ 
circle drawn on the taffrail as before described, with a low crutch 
or swivel in its center. Then, after heaving the log, the line is to 
be slipped into the crutch just' before it is drawn in, and the points 
and quarters contained between the direction of the log line 
and the fore and ait line of the semicircle, will be the leeway. 

The leeway being determined, is to be allowed from the wind, 
that is, to the right hand of the course steered, when the 
larboard tacks are aboa.d', and to the left hand when the starboard 
tackfc are aboard supposing yourself locking from the center of 
the Compass towards that point the 1 Ship’s head is directed to. For 
example; suppose a Ship sails S.W.byS. by Compass, with her star- 

• When a Ship is close-hauled, certain ropes called taekf , which are fastened to the 
lower cornerc’of the main nud fore sails, ire hauled forward An the weather side, or that 
next the wind, in which case those tacks are said to be aboard. When a Ship is close- 
hauled, with the wind on the right hand, she has her starboard tack* aboard, and la said 
to sail on the starboard tack. But if the wind be on the left hand in the same manner, 
she has her larboard tacks aboard, and is said to sail ou the larboard tack. 
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board tacks aboard, and she makes one point leeway; her course 
corrected for leeway will be S.S.W. being one point to the left of her 
course by Compass. Again, if a Ship close-hauled sails N.E. when 
the wind is N.N.W., and makes li point leeway, her true course 
will be N.E.byE.fE.; because, having her larboard tacks aboard, 
1* point is to be counted to the right hand qf the course by 

Compass. 

The Examples in the following Table, where the courses steered, 
with the leeway and variation tq be allowed on each, are given, 
from thence to find the true epurses, will serve to exercise the (earner 
in the foregoing rules. 


Given. ( To find | 

Courses 

steered. 

Winds, 

Lee¬ 

way, 

Varia¬ 

tion. 

Courses 

corrected. 

E.N.E. 

W. byS. 
N.W. by N. 
South 
N.W, ' 
S.S.W. 

E. by N. 
West. 

N.W. 

N.W. by N. 
N.E. by N. 
E.S.E. 
W.S.W, 
S.E. 

N. by E. 
N.N.W. 

1 

if 

i 

» 

2 

H 

2f 

1 

IJW. 

2 W. 
1JE. 

1 w. 
1|W. 
0|K. 

1 E. 

N.EfE. 
W.S.W. 
W.N.W f\V. 
S. by W.|W. 
N.W. by N. 
S.S.W. 

S.E. by E.|E. 
W.iN. 


In hard blovying weather, with a contrary wind and a high sea, it 
js impossible to gain any advantage by sailing ; in such cases, there¬ 
fore, the object i§ to avoid, as much as possible, being driven back. 
With this intention \t is usual to ly-to under no more sail than is 
sufficient to prevent the violent rolling which the Vessel would other¬ 
wise acquire, to the endangering the masts and rigging. When a 
Ship isbroughl-to, the tiller is put over to the leeward, which brings 
her head round to the wind. The wind then having very little 
power on the sails, the Ship looses her way through the water, 
which ceasing to act upon the rudder, her head falls off from the 
wind, the sail which she has set fills, and gives her fresh way 
through the water; which, acting on the rudder, brings her head 
again to the wind. Thus, the Ship has a kind of vibratory motion, 
coming up to the wind, and falling off from it alternately* 

When a Ship is Iving-to, observe the poiuts on which she comes 
tip and falls off, and take the middle point for the apparent course; 
from which allow the variation and leeway, and you will have the 
trufe course. For example, suppose a ship lying-to under a main 
sail, with her starboard tacks aboard, conies up E.byS. and falls 
off N.E.byE., there being one point westerly variation, and she 
makes 5 points leeway; what course does she make good? The 
middle point between E.byS. and N.E.byE. isE.byN., from which 
allowing 5 points to the left hand, because the starboard tacks ar$ 
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aboard, gives the course, corrected for leeway, N.N.E.; from which 
allowing 1 porrtt to the left hand, because the variation is westerly* 
will give the true course N.bvE. 

In sailing along a Coast, in a tide or current, particular care 
should be taken to observe its setting, which, with the variation al¬ 
lowed, is to be entered in the Traverse Table as a course, and its 
drift as a distance; the same is to be observed for the heave or swell 
of the sea. 

On leaving the land the opposite point to its bearing from the 
Ship, with the variation allowed, and the estimated distance from 
it, are to be set down in the Traverse Table as a course and distance. 

The computation made from the several courses, corrected as 
above, and their corresponding distances, is called a Day’s Work ; 
and the Ship’s latitude and longitude as derived therefrom, is called 
her latitude and longitude by Account or dead Reckoning. 

If the course and distance made good by a Ship, as estimated 
from the compass and the log, could be accurately ascertained, 
nothing more would be necessary in determining a Ship’s place at 
any time during her voyage; for the course and distance being 
known, the difference of latitude and longitude, and hence the 
latitude and longitude in, may be readily found by any of the me¬ 
thods shewn in the various Sailings; but on account of the many 
accidents that attend a Ship’s way, such as swellings of the sea; 
different rates of sailing between the times of heaving the log; want 
of care at the helm; unknown currents; sudden squalls; improper 
allowances for variation and leeway; &c. the latitude of the Ship, 
as deduced from the reckoning, will frequently differ considerably 
from the latitude by observation, and hence the difference of 
longitude and longitude in will be likewise erroneous. Now, as the 
latitude by observation is always depended on, it remains therefore 
to correct the Ship’s longitude by account. For this purpose, examine 
whether the log-line and half-minute glass be just, and if you find 
they are not, correct the distance by the rules in pages 63 and 64, 
and with the corrected distance and the course, find a new difference 
of latitude and departure; then, if this difference of latitude ap¬ 
plied to the latitude left gives a latitude nearly the same as by ob¬ 
servation, the error may be considered as sufficiently corrected, and 
the difference of longitude is to be foiirid’ with this new latitude or 
departure; But if there still remains a considerable difference be¬ 
tween the latitudes by account and by observation, consider care¬ 
fully if the leeway and variation have been properly allowed"; whe¬ 
ther the Ship’s motion may not have been affected by a current, or 
heave of the sea; and if so, make the best estimation you can for its 
letting and drift. 

If, after all proper allowances are made for errors in distance, 
currents, &c. the latitude by account and observed latitude should 
still' disagree, it is then recommended by some Authors to correct 
further for supposed errors in the courses and’distances. Thus, if the 
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course, be near the meridian, the error is supposed to arise from tlie 
distance, because the error in the course must be sensible to make 
any considerable error in the difference of latitude; if the course 
be nearly east or west, then the error is supposed to result from 
the course, as an error in the distance must be very great to make 
a considerable one in the latitude; but if the course be near 4 
points, then the error in the latitude is attributed partly to the 
course and partly to the distance. The rules founded upon these 
suppositions, it must be confessed, are, in general, little better than 
guess work; however, as they may be sometimes useful, we think 

Inspection t0 inlroduce them here ' with sample* worked by 


Rules fob correcxing the dead Reckoning. 
CASE I. 


When the error is supposed to arise from the distance. 

Rule. With the course found by the difference of latitude 
departure by account, and the meridional difference of latitude 
tween the observations, find the difference of longitude. 

EXAMPLE. 


and 

be- 


Yesterday at noon we were in latitude 39° 18'N. and by an obser¬ 
vation this day at noon we are in latitude 37 ° 43 ' N. bavin* ma rf, 
by our reckoning 107 miles of southing, and 64 of westing re¬ 
quired the true difference of longitude. re 

The difference of latitude 101 and departure 64 give the eo..r« 

f |'TSV k f" Wlt u the course anfl ‘he meridional different 
of latitude between the two observations 115, the difference of | nn « 
tude is found to be 69 miles. 


• CASE H. 

When the error is supposed to arise from the course. 

Rule. With the difference of latitude and departure by account 
find a distance; with this distance and the difference of latitudX 
observation find a course; then with this course and the meridional 

S 1U “ tW0 find the *2 

' Or, with the distance by account and difference of latitude bv 

^dHu n |1l d /. C0rreS1,0n 1 din 5 de l 1ilrtu,e ; with which and ,K 

eL SngUude! ^ ^ obse ‘- tions > fi " d *• true differ- 

EX AMPLE. 

Yesterday at noon we were in latitude 38 ° se'N • to-div m „„ 

byncc "KS 
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miles of northirtg> and 212 of westing: required the true difference 
of longitude. 

With the difference of latitude 63 and the departure 212, the 
distance is found to be 223; the distance 223 and the difference of 
latitude by observation 86, give the true course 67°; this course and 
the meridional difference of latitude by observation 111, give the 
true difference of longitude 261 miles. 

Or, the distance by account 223 and the difference of latitude by 
observation 8jG give the true departure 205 ; the co. middle latitude 
between the observations 50° 25', and the departure 205, give the cor¬ 
rect difference of longitude 266 miles. 

CASE IIL 

When the errot is supposed to arise bothfrom the course and distance* 

Rule. With the difference of latitude and departure by account 
find a distance; with that distance and the difference of latitude by 
observation find a corresponding departure; which add to the depar¬ 
ture by account and take half their sum for the true departure. With 
the true departure and the difference of latitude by observation find 
the true course, with which and the meridional difference of latitude 
by observation find the true difference of longitude. 

EXAMPLE. 

Yesterday at noon we were in latitude by observation 52° 40' N, 
and are this day at noon in latitude 54 # 22* N. having made by 
account 34 miles of northing and 76 of westing; required the true 
difference of longitude. 

The difference of latitude 84 and departure 76 <nve the distance 
113; with this distance and the difference of latitude by observation 
102, the corresponding departure is 47.8, which added to 76 , the 
departure by account, is equal to 123.8, half of which is 6l.9t the 
true departure; then with the true departure 61.9 and the difference 
of latitude by observation 102, the true course is found to be 31°; 
this course and the meridional difference of latitude between the two 
observations 171, give the true difference of longitude 103 miles. 

To correct for several Days . 

Enter in a Traverse Table the difference of latitude and departure 
made good each day since last observation, including those for the 
day you correct on ; whence you will have the whole difference of 
latitude and departure since last observation, with which find the 
course since last observation, and correct accordingly by one of the 
preceding cases. 

Notwithstanding the above corrections be applied with the 
greatest care to the Ship's reckoning, it is frequently found, oar 
making the land alter a long voyage, that the longitude by dead 
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reckoning differs several degrees from the truth; a good Navigator 
will therefore lose no opportunity of ascertaining the longitude by 
observation ; and when this is done, the account of longitude is to 
be carried forward from the last observation in the same manner as 
that of the latitude. A separate account is usually kept of the lon¬ 
gitude by dead reckoning and of that by observations. 


General Rules foe working a Day’s Work t 

1. Enter in a Traverse Table the several courses steered, corrected 
♦for variation and leeway ; and opposite each coarse place the whole 
distance run as it appears by the log on summing up the knots and 
fathoms while the Ship is on that course. Find the difference of lati-. 
tude and departure answering fo each course and distance, and set 
them down in their respective columns; then the difference between 
the sums of the northings and southings will be the difference qf lati¬ 
tude made good, of the same name with the greater; and the dif¬ 
ference between the sums of the eastings and westings will be the 
departure made good, of the same name with the greater quan- 
tity. 

2. Seek in the Traverse Table until the above difference of lati-r 
tude and departure are found together in their respective columns; 
opposite to these will be the distance made good, and at the top or 
bottom of the page, according as the departure is less or greater than 
the difference of latitude, will be found the course. 

3. If the latitude from which the Ship’s departure is taken, or 
yesterday’s latitude, be of the same name with the difference 
of latitude, add them together; if not, take their difference; the 
sum or remainder will be the present latitude, of the same name with 
the greater. 

4. Find the complement of the middle latitude between yester¬ 
day’s and to-day's latitude, which take as a coqrse in the Traverse 
Table, and seek for the departure in its column; then will the dis¬ 
tance corresponding to these be the difference of longitude, of the 
same name as the departure. 

Or, seek for the course made good, and for the meridional differ¬ 
ence of latitude in a lat. column ; then will the corresponding de* 
parture give the difference of longitude as before. 

5. If the longitude of yesterday be of the same name with the 
difference of longitude, add them together; if not, take their differ¬ 
ence ; the sum or remainder will be the longitude in, of the same 
name with the greater. 

6. To find the bearing and distance of the intended port, or any 
other place, from the Ship, find the complement of the middle lati¬ 
tude between the Ship and the proposed place ; which seek in the 
Traverse Table as a course; in that page whqre jt is found, look for 
the difference of longitude in a distance column, opposite to which 

K k will 
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will be the departure in its proper column; with this departure and 
the difference of latitude, find the course or bearing, and the di*r 
tance as before. 

Or, look for the meridional difference of latitude and difference 
of longitude, till they are found opposite each other in the lat. and 
dep. columns, and they will give the course; this course and the 
proper difference of latitude in the lat. column, will give the distance 
m its proper column* 

If the magnetic course or bearing be required, the variation must 
be allowed on the true bearing; to the right*hand, if the variation 
be westerly, or to the left-hand, if easterly. 

There are various methods of keeping a Sea Journal, with regard 
to what deserves to be recorded, according to the sentiments of dif¬ 
ferent persons; some approve of a Journal including the Log-book, 
each day's work at some length, and such occurrences as seem of 
most importance; while others prefer a short abstract of this long 
Jpumal, containing little more than the course and distance run, 
the latitude and longitude in, and sometimes the hearing and dis¬ 
tance to the intended port, for each day. There are likewise forms 

S iculiar to the particular service to which a Ship belongs, as in the 
oyal Navy and East India Service. These forms will be shewn 
hereafter. 

We shall now proceed to exemplify the above Rules; first by a 
few examples of separate Days Works, and afterwards in a Journal 
from Loudon to Madeira, kept in the form generally used in Mer¬ 
chant Ships, and containing most of the occurrences that happen 
to a Ship in a common voyage. 

Not*. In the following Days* Works and Journal, which are 
worked by Inspection, the log is supposed to be hove every hour^ 
and the knots divided into ten fathoms of five feet each. 
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EXAMPLE I. 

Yesterday at ooon we were by observation In latitude 19 0 N. and in longitude *3 0 4 / W. 
and have tailed till hood this day, as per log; the variation of the Compass being 1 point 
west: required the course and distance made good, and the present latitude and longi¬ 
tude of the Ship. 


F Courses. 


1 5 5 

1 5 5 

3 5 4 

4 5 

5 5 

6 5 * 

7 4 6 

8 4 

9 4 

10 4 

« 3 5 

1* 3 5 

1 4 

2 4 

3 3 4 

4 3 

5 3 7 

<> 5 

7 5 4 

8 6 

9 7 * 

10 8 

ix 7 4 

i 12 7 _ 4 



Moderate aud clear. 


- Cloudy. 


- Set the fore top mast steering sail. 

- An increasing breeze and fair. 








Courses 

Dist. 

N. 

S. 

E. 

W. 

S.W.JS. 

55 

7.8 

42.5 


34.9 

N.W. by W. 

14 



11.6 

S.W. by S. 

9 


7-5 


5.0 

S. by W. 

41 


40. a 


8.0 



7-8 

90.2 

Dep. 

59*5 




7.8 




Diff. lat. 

82.4 




IVariation 1 point West. 


Lat. left 19 o N. — 


Mer. Parts, 
Ii6i 


rdiff.} 86 


The first course steered by Compass, viz. S.W.£W«, being corrected for t point 
west variation, makes the true course S.W.JS.; and the knots and fathoms summed 
up to midnight, give the distance rum upon the first ouurse, 55 miles: in the same 
manner the other course! are to be corrected, and, with their correspond! ug distances, 
are to bo set down in a Traverse Table, as above. No leeway U allowed on the courses 
in this day’s work, because the Ship is going large. 

The whole difference of latitude 82.4, and departure $9.5, give the course mode good 
S.36-W., and the distance 10a miles. 

The co. middle lat. 71° 41' as a course, and the departure <9.5, in a dep. column, give 
the diff. of longitude 6a' in adist. column, by Middle Latitude Sailing. 

Or, the course 36®, and mer. diff. of latitude 86 in a lat. column, give the diff. of long* 
tude 6a' in a dep. column, by Mercator’s Sailing. 

The difference of longitude 6a miles, or 1* a' W., added to the longitude of yesterday 
33° 4? W n because they are both of the same name, give the longitude in to-day 
04 °tf W. 

K k 2 

. Google 
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DAYS WORKS. 


pXAMPLE II. 

Yesterday at noon we were in latitude 35* 2' N. and longitude 17*45* W.; at 7 o’clock, 
P.M., the Sun was observed to set W. 43° N. by Compass, his declination being at that 
time 18*56' N.; and we have sailed this day till noon, as per log, in a current setting 
S.W. 1 mile per hour all day ; required the eour>c and distance made good, and our pre¬ 
sent latitude and longitude. 



F Courses. | Winds. 


N.E. by M. 


1231 


5 |N.E.byN«£E| E. by S. if 



Model ate breezes. 


Tlie Sun set W. 43° N. 


Fresh gales. In 2d reef of tile top sails. 


Before the courses can be corrected, the variation of the Compass must be found b j 
the amplitude taken at Sun set. Now the Ship’s course from noon to 7 o'clock is 
N,E. by N., and the distance run 36 mdes; but allowing the variation at last observation 
to be about if point westerly, theVorrected course will be N. by E.^E., with which, and 
the distance 36 miles, the diff. of latitude made good since noon is found to be 34' N.; 
this, added to the latitude at noon, 35 0 n J N., gives the latitude in, at Sun-set, 35*36' N.; 
with which, aud the declination 18 0 56' N., the true variation is found as follows. 


Latitude 35® 
Declio. 18 

True amp.W. 13 
Mag. amp.W. 43 


0.08986 

9 - 511*7 

9.60103 


Variation 19 29 or if point West. 

The courses being corrected for variation and 
leeway, with their corresponding distances, to¬ 
gether with the set and drill of the current, will 
be as In the Traverse Table. 


N. by E.fE. 
N4W. 
N.fE. 
S.S.W.JW. 


50 4 *. 5 

23 22.7 

24 a 4‘0 


95.221.7 13-413.7 

21.7 13.4 

Diff. lat. 73.5 Pep. 0.3 


' On summing up the columns of the Traverse Table, it appears that the Ship has sailed 
due North; hence her distance made good is 73 miles, the same as the difference of 
latitude; and her longitude is the same as yesterday. 

The difference of latitude 73 miles, or i* 13' N., added to the latitude left 35° 7! N., 
g ves the latitude in 36* 15' N. 
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EXAMPLE Ilf. 

Yesterday at noon we were in latitude 38° 20' S. and longitude 10* 34' E.; at 5 o’clock 
in the afternoon* the Sun’s bearing by Compass was observed to be N. 75 0 id W., his 
corrected altitude being at the same time 22“ 15*. an d decimation 18 6 47^* > aiM ^ bare 
sailed (ill ibis day at noon* as per log : required the course and distance made good* the 
latitude and longitude iu* and the course and distance to the Cape of Good Hope. 


H 

3 

F 

Courses. 

Winds 

3 

Remarks 

1 

6 


ms 

N.N.E. 


The first and latter part of these 24 hours. 

2 

5 

4 




a moderate breeze and cloudy 5 the middle 

3 

6 

4 

/■ 



light airs and calms attended with ram. 

4 

4 






5 

1 

6 





6 

0 

6 





l 

} 

aim 





9 

10 

I 


S.E. 

Variable 



11 

3 






12 

3 


E.S.E. 

S. by W. 


* ' 1 

1 

3 






2 

4 

2 





3 

5 

4 




1 

4 

5 

4 





5 

5 






6 

5 






7 

5 


- 

South 

i 

In first reefs of the topsails. , 

8 

4 

2 





9 

4 

6 





10 

5 

6 





11 

4 






12 

4 

4 






Supposing the variation of the Compass at last observation to have been about <2 points 
westerly, the Ship has sailed nearly due East from noon to 5 P.M. consequently the lati¬ 
tude at that time may be considered the same as at noon. Now, with the latitude 
38° 20'S., the altitude 22° 15', and the declination i 8°47 # S., the true azimuth is found to 
Le N. 96° 54' W., w hich, compared with the magnetic azimuth N. 75° io' W., gives the 
variation 21 0 44 # W. 

The several courses corrected for va- 
nation to the nearest degree, and for 
leeway after 7 o’clock A.M< t with their 
corresponding distances, will be as in 
the Travel se Table ; but it is to be ob¬ 
served* that as the distance run from 
noon to 6 P.M. and from 11 P.M. ta 
6 A.M. are on the same corrected course, 
this course, with the sum of the corres¬ 
ponding distances* are entered in the 


By the Traverse Table it appears that the Ship has sailed due East; hence her depar¬ 
ture is equal to the distance run, and the latitude to-day is the same as that of yesterday. 
•The difference of longitude is found by Parallel Sailing as follows: 

The co. latitude 5i°4o' as a course, and the departure 86.6 in a dep. column* give the 
diff. of longitude 1 xo in a distance column. 

The diff. of longitude no, or i° 50' E. added to the longitude of yesterday xo° 34 # E. # 
gives the longitude of the Ship to-day 12° 24' E. 

To find, the Bearing and Distance of the Cape of Good Hope. 

Lat. of C. of G. Hope 34°29'S. Mer. Parts 2207 Long, of C. of G. Hope i 8'23'E. 
Latitude of Ship - 38 20 S. Mer. Parts 2494 Longitude of Ship 12 24 E. 


Courses. 

Dist. 

N. 

s.* 

£. 

W. 

S.89 0 E. 

55 


1.0 

55-0 


S.67 E. 

4 


1.6 

3-7 


N.85 E. 

28 

a.4 


27.9 




2.4 

2.6 

86.6 

Dep. 




2.4 

1 » 



Diff. of lat. 

0.2 




Traverse Table as a single course and distance. 


Diff. of latitude - 3 51 = 231 Mer. diff. lat. 287 Diff. of longitude 5 59=359 
Hence the bearing ef the Cape of Good Hope is S. 5i°£E., and the distance 371 miles. 
The course by Compass is therefore $• 30° £. nearly. 
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EXAMPLE IV. 

Yefterdny at noon we Were in latitude 6® 38' N. and longitude 46® to'W. | at 7 o'clock 
this morning we observed the distance of the Suri and Moon, which gave our longitude at 
that time 26° 58* W.; and by double altitudes we were in latitude r 47' N. at half past 
jo, A.M. $ required the course and distance made good by the log; the latitude and longi¬ 
tude at noon by dead reckoning, and the same by the observations* 


B 

B 

B 

Courses* 

Winds* 

ml 

Remarks* 


a 


N.W. by W. 

FEE 


A pleasant breeze with fair weather 


6 





throughout. 


5 







5 







5 

4 






5 

4 





z 

5 







5 

5 


• - 

N.E. by E. 




5 







4 

6 






4 

4 





BT 


5 







2 





■ 







1 


1 





H 







K: 


1 





K 


2 1 





K 


4 ! 





■ 


5 




t 


u 






By 

H 

2 i 

- . . . . . 

- . — 



ML 

m 

MM 



■Ml 

Variation per azimuth 8° W. 


The variation 8° W. being allowed to the left of N.W* by N. gives the corrected course 
If * 42° W.; and the knots and fathoms summed up, gire the distance run by the log in 
34hours, 128 miles; hehce the difference of latitude is 95.x, and the departure 85.6 
miles. 

Latitude left - 6° 38' N. Latitude left - 6° 38' N. 

Die. of latitude or 1 35 N. Latitude in - 8 13 N. 


Latitude in by account 8 13 N. Sum - 14 511 

Middle latitude 7 05 
Com. of mid. lat. 82 35 

Hie com. of middle latitude 8i° 3$'» and the departure 85.6, give the difference of 
longitude 86 miles, or 1® 26*; which, added to the longitude of yesterday, 26° io* W. 
gives the longitude in, by account, 27 0 36' W. 

To reduce the Observations to Noon. 

The course N. 42® W. and the distance run from half past to, A.M., till noon. Til. 15 
miles, give the diff. of latitude ii # N., which, added to the latitude by observation 
7 0 47' N., their sum 7 0 58* is the latitude by observation reduced to noon* 

The course N. 42° W. and the distance run since 7 o’clock in the morning, 30 miles, 
give the departure made in that interval 20.1, and the diff. of latitude 22.3. 

Lat. by observation at ooon 7* 58' N* Lat. at noon 7 0 58* N. 

Diff. of lat. from 7 A.M. to noon — at N. Lat. at 7 A.M* 7 36 N. 

Lat. by obs. at 7 A.M. - 7 36 N. Sum - 15 34 

Middle latitude 7 47 
Com.ofmid.lat.82 13 

The com. of middle latitude 82° Jif and the departure 20.1, give the diff. Jr longitude 
made from 7 A.M. to nooo, 2© # W.j which, added to 26° 58' W., the longitude by the 
observation, their sum, 27° 18' W., will be the long* by observation brought on to noon. 


Digitized by 


Google 














JOURNAL op a VOYAGE 


FROM 

ENGLAND TO MADEIRA, 

IN THE SHIP 

BRITANNIA , 

J. W. N. Commander, 

KEPT BY 

It. M. MATE, 

1809 - 


Days of Month 

Kami ii 

Remarks on board the Ship Britannia, 11I09. 

Sunday, 
June 4 

s.s.w. 

S.W. 

Moderate and clear. At 6 A.M. the Pilot came on board. 
At 8 A.M. cast loose from the sheer hulk at Deptford, and 
made sail down the river. At 2 P.M. anchored in Long 
Read), and moored Ship with a cable each way. 

■MM1 


Fresh gales with showers. P.M. received on board the 
Carpenter's and Boatswaiu*s stores. 

HI 

S.S.W. 

to 

N.N.W. 

Light airs and line weather. At 6 A.M. unmoored and 
hove short 011 the best bower. At noon weighed with alight 
breeze from the westward. At 3 P.M. came too with the 
best bower off Gravesend. 

' Wednesday, 
June 7 

W.N.W. 

Moderate weather and fair. At day-light weighed and 
made sail. At 1 P.M. anchored with the best bower at the 
Nore, in 9 fathoms. At 5 P.M. weighed and sailed through 
the Queen’s Channel. At } past 8 P.M. came to with the 
best bower at the back of Margate Sand. 

' Thursday, 
June 8 

N. by £. 

N. 


|j| 


A pleasant breeze with fair weather throughout. A.M. 
employed filling up the water, stowing the booms and boats, 
and getting all clear for sea. At 10 A.M. weighed and made 
sail. At noon the South Foreland lights bore N.N.W• distant 
about 4 miles. 

This log contains 11 hours and ends at noon, to commence 
the Sea log. 
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BRITANNIA from England towards Madeira. 


Remarks, Saturday, June io, 1809. 


Light winds ami clear. 

People employed variously under the 
Boatswain. 

Carpenter plaiting a spare top gallant yard 


Dungeness light North, 


Beacliy Head W.N.W. 
In 1 reef of the topsails. 

Brisk gales. 



Course. Dist, 


Bembridge Point N.N.W.$W. 


Lat. Lat. 

acc. obs. I long. | act* 


3 8 * 
476 

$ 7 5 
6 7 

1 l 



Courses. 


: w.n.w. 

N.E. by N. 

West 


- 

F..N.E. 

N.W. by W. 
- 

m • 

W.byN. 

- 


Remarks, Sunday, June n, 1809. 


Fresh breezes and fair throughout. 

At \ past 1 abreast of St. Catherine's poinl 
off shore about 3 miles. 


St. Aldan's Head N.W.*W. 
Portland lights N.N.Wy 


Two strange sail in sight on the wpathe 
bow. 


At noon mustered the Ship’s company. 


Lat. Lat, Dili. Long, 

acc. obs. Long. acc. 
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IHfif BRITANNIA from En.land towards Madeiea. 


CT 

way. 


U K 


Courses. 


Winds. 


"on: 


Remarks, Monday, June 1809* 


W. by N. 


N. byW. 


S-W.^W. 


Brisk wind and clear. 


At 6 P.M. the lizard hjbre N.E. by N. 
jdiatant 3 league*; from which I take my| 
Idepartunr. 


lat. 


AuM. stowed the aachoraand unbent tbej 
cables, and coiled them down in the tier. 


At noon founded. Qreund 76 fhthams $] 
{sand, ahella, and bakes' teeth. 

Variation 2$ points West._• 


Course 


Dist. 


Dep. 


Lau 

acc. 


Lat. 

oba. 


Oiff. 

long. 


Long. 

acc. 


Long. 

obs. 


Bearing and 
Distance at noon. 


S. 37 °W. 


81 


65 

S. 


49 4 *° 53 '| 

W. N, 1 


76 

W. 


6° 27' 

W. 


Aa the Lizard is the last point of land in sight, the Ship’s departure it taken from 
thenoe, supposing it to be in latitude 49° 58' N. and longitude 5® li' W. ; now, aa the 
heaitng of the Lizard from the Ship was N.E. by N., the bearing of the Ship from the 
Lizard Mas S.W. by S.; but as this ia the bearing by Compass, the variation 2$ pts. W. 
ii to be allowed to‘the left-hand, which will give the true bearing S JW.; this is to be 
entered in the Traverse Table as a course, and 3 leagues or 9 miles, the supposed dis¬ 
tance of the Lizard from the Ship, aa a distauce run. The courses, corrected f r varia¬ 
tion, and the distance run by the log, after 6 JP.M., are also to be set down in the 
Traverse Table, as follows. 


' The diff. of lat. 64.7 S. and departure 49.1 W. 
give the course made good from the Lizard 
S. 37° W. and the distance 81 miles. 

Lat. of the Lizard 49° 58' N. 

Diff. of lat. 65® or 1 5 s. 


Latitude in * 48 53 w. 

Sum of latitudes - 98 51 
Middle latitude - 49 13 
Comp, of mid. latitude 40 3$ 

The comp, of mid. lat. 40* 35' as a course, and the departure 49.1 in a departure 
column, give the dift of longitude in a distance column 76 miles, or • i 9 i(f W« 

Longitude of the Lizard -5x1 W. 

Longitude in 6 vj W, 

The course and distance me* good, the whele diC of let. and departure, ths UU 
and longitude in by account, fee. are now to be set down in tkeir respective columns, as 
above. 

1 1 


Courses. 

Dis'. 

N. 

* 

R. 

W. 

6.*W. 

9 


8.9 


*•3 

W.S.W 4 W. 

*5 


6.1 


* 4-3 

s.sw.*w. 

55 


49*7 


* 3*5 


Dim Lat. 

64.7 

Dep. 

49-1 
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*54) BRITANNIA hom England towards Madeira. 


Courses. 


W. by S. 


Winds. 

Lee¬ 

way. 

Remarks, Tuesday, June 13, 1809. 

N. by W. 


A moderate breeze with fair weather foi 
the most part. 

N.W. by N. 




I 



% 


• • 


In 1st reef of the topsails* 

- 

_ 

Tacked Ship. 

S.W.by W. 

I 



Out reefs of the topsails. 

- 

• 

Tucked, 

- 

k 


. . 


Tarkcd. 

S.S.W. 

i 

Spoke a Brig bound to Newfoundland* 



Variation 2^ points West. 



42 4 a° o' 

W. N. 


The courses corrected for variation and leeway, with their corresponding distances, will 
be as in the following Traverse Table. 

With the diff. of lat. 47.4 S. and the dep. 
42.3 W., the course is found 10 be S. 42° W., 
and the distance 64 miles. 

Yesterday*.* latitude - 48* 53' N. 

Diff. of latitude - 47 S. 

Latitude in - - - 48 6 N. 

Sum of latitudes - - 96 59 

Middle latitude - - 48 29 

Comp, of mid. latitude - 41 51 


With the comp, ol mid. latitude 41° 31' and departure 42.3, the diff. of longitude is 
found to be 64 miles, or - 1° 4' W. 

Yesterday** longitude 6 27 W. 

Longitude in - 7 31 W. 

To find the Bearing and Distance of Cape Ftnisterre • 

Latitude of Ship 48° 6'N. - Mer. Parts 3301 Longitude of Ship 7 0 3i'W, 

Lat. otC. F.nisterre 42 52 N. - Mer. Parts 2852 Long.o! C. Fmisterre 9 17 W. 

Diff. of latitude - 5 14=314 Mcr, diff. lat. 449 Diff. of longitude 1 46=106 

The mer. diff. lat. 449 and diff. of long. 106, give the course S.i3|°W. j which course, 
and the proper diff. of latitude 314, give the distance 323 miles. 
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Courses. Dist. 

N. 

1 s. 

£. W. 

S. by W 4 W. 24 


22.6 

8.1 

S.W 4 W. i8 


(2.1 

*3 3 

W.N.W.J.W. 21 



19.8 

S. I'..a S. 19 


14 . I 

12.8 

W.S.W. 15 


5-7 

! r 3 0 


7 * 1 

H 

12.8 ^ G T 





| jDifT. lat. | 

1*7 .j'Dep.ji.jl 
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This day the swell setting from the S.W. is supposed to drive the Ship 12 mile* to 
the N.E., which, corrected for variation, is N.N.E. j these are therefore set down as 
the last course and distance in' the Traverse Table. 

With the diff. of lat. 20.6, and the departure 
72.5, the course is S. 74° W., and the distance 
75 miles. 

Yesterday’s latitude - 48° 6'N. 

Diff. of latitude - - 21 S. 

Latitude in - - 47 45 N. 

Sum of latitudes - 95 5 1 

Middle latitude - • 47 55 . 

Comp, of mid. latitude - 4} 5 


The comp, of mid. latitude 42° 5', and the departure 72.5, give the difference of 
longitude 108 miles, or - 1° 48’ W. 

Yesterday’s longitude 7 31 W. 

Longitude in - 9 19 W. 

To find Ike Bearing and Distance of Cape Ftnitlerre . 

Latitude of Ship 47 0 43' N. - Mer. Parts 3266 Longitude of Ship 

Lat. of C. Fiuisterre 42 52 N. - Mer. Parts 2852 Long, of C. Finisterre 9 17 W. 

Diff. of latitude - 4 51=291 Mer. diff. lat. 414 Diff. of longitude • 2 

Hence the course is due South, and the distance 291 miles. 

L l 2 


Courses. Dist- N. S. E. W. 

W.S.W 4 W. 44 14.8 41-4 

W.S.W.^W. 20 5.8 19.1 

S.W. by W. 20 11.1 16.6 

N.N.E. - 12 11.1 4.6 

11.131.7 4-677.1 


Diff. lat. l20.6lDep.l72.5l 
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BRITANNIA from England towards Madeira. 


Winds. j Remarks, Thursday, Juno 15, 1^09, 


Mostly fresh breezes throughout with 
cloudy weather and rain at time* 
la 1st reef df the topsails. 

Tacked Ship. 



At 11 the foot-rope of the often 
sail gave way * unbent it and heat m 

tber. 


Lat obs, bp double alts. 46^ K. 
Variation a points West. 


| C&ittes. 

bilrt. 

TTrsT e. w. 

W. by t. 

n 

4.9 24.5 

S.E4E. 

15 

10.1 II. I 

M. by S. 

id 

24.614.4 

S. by R. 

3* 

54^910.9 


Diff.iat. (91.5136.4 24-5 



I 24 * 5 ! 1 



Dep.l 11 .9I 1 


Yesterday’s let. by stir 
Diff. of 1st. 91m, or 

Lat. in by account 


• 47 * 43 '^ 

1 3* S. 

• 44 it N. 


The latitude by account differing considerably from the latitude by observation, and at 
the course is hear the meridian, i conclude that the error io the reckoning arises from the 
distance, and therefore find the difference of longitude by Case I., page 147. 

Test. lat. by obs. 47° 43 # N. Mer. Pts. 3166 The course 7®, and ihe mer. diff. lat. by 
Lat. to-day by obs. 46 3 N. Mer. Pts. 3120 obs. 146, give the diff. of long. # i8 # R* 

- Long, yesterday - 9 19 W. 

Mer. diff. lat. by observation - 146 - 

Longitude in -91 W. 

7b find the Searing and Distance of Cape PmitUrre. 

Latitude of Ship 46° 3'N. Mer. Parts 3120 Longitude of Ship • 9® i* W. 
Lat. of C. Finisterre 41 52 N. Mer. Parts 2852 Long, of C. Finisterre 9 17 W. 

Biff of latitude 5 11 =*191 Mer. diff. let. 168 Diff of longitude - id W. 

Hence the true course is about S, £ W», or tbe magnetic coarse S.S.W4W.* aad the 
distance 191 miles. 
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BRITANNIA from. England towards Madeira. 


H 


Courses. 


Wind*. 


8* by W. TWTbySl 


I.PC* 

|w«y 


Frt?sh breezes throughout, wiih fail wta-| 
|tbcr and smooth water. 

People employed under the Boatswain 
[Carpenter making m top-mast stitddmg-j 
[sail bourn. 

Sail maker making a quarter deck aw niug. 


Tacked. 


Remarks, Friday, June 16, 1809. 


S. by E. 


West 


S.W.byW. 


S.S.W. 


Passed by a Ship under American eo-] 
lours standing to the Eastward. 

Lat. obs. by mer. alt. 44° 19' N. 

_Variation a points West. 


Course 


Dist. 


DiffJ 

lat. 


Dep. 


Lat. 

acc. 


104 67.9 ',44° 26': 
U4 [ S . w. | N. 1 


Lat. 

obs. 


Diff. | Long. 
Long.) acc. 


Long. 

obs. 


Bearing and Distance 
at noon. 


p-33°W. 


44° 19I 

N. 1 


96' io° 37' 
W. W. 


Cape Finisterre, 
S.E. by S. 105m. 


Courses. 

Dist. 

N. 

s. 

E. 

W. 

S. by E. 
S.E. by S. 
W.S.W. 

33 

3® 

104 

Diff 

. let. 

32-4 

24.9 

39-8 

6.4 

16.7 

96.1 

97. 1 

23* 1 

Dep. 

96.1 

*3-i 

73 * c 


The diff. of lat. 97.1, andjhe dep. 73.0, give 
Itbe course S. 37 0 W. and distance 12a miles. 
Yesterday 1 ! lat. by obs. 46° 3'N. 

Dilf. of lat. 97m, or - I 37 S. 

Latitude in by acc. 44 26 N. 

|Yesterday’slat.byobs. 46° 3 # N. Mer. Pts. 3123 
Latitude in by obs. 44 19 N. Mer. Pts. 2972 

Diff. lat. by obs. 104 = 1 44 Mer. diff. lat. 148 


Tlie latitude by observation not agreeing with the latitude by account, I correct the 
dead reckoning by Case Ul, page 2481 because, the course being near 4 points, it is 
presumed that the course and distance are both erroneous. 

The distance by account 122, aud the diff. of lat. by observation 104, give in a de¬ 
parture column 6a-8; which, added to the departure by account 73, half their s,um 67.9 
is the true departure. 

The departure 67.9, and diff. of latitude by obs. 104, give the true course S. 33* W. f 
and distance 124 miles. The course 33°, and the mer. diff. of latitude between the ob* 
Serrations 148, give the true diff. of longitude 96 mites, or i° 36' W. 

Longitude yesterday • 9 1 W. 


Longitude in 10 37 W. 

1 ofind the Bearing and Distance of Cape Finisterre. 

Latitude of Ship 44 0 19' N. - Mer. Parts 297a Longitude of Ship io° 37W. 
Lat, of C.Finisterre42 52 N. • Mer. Parts 2852 Long, of C. Finisterre 9 17 W. 

Biff, of latitude x 27=87 Mer. diff. lat. 120 Diff. of longitude • 1 20=80 

Hence the bearing of Cape Finisterre is S»E« by S., erS. by E. by cosnpasa, and the 
distance 105 miles* 
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S.W. 41 


BRITANNIA from England towards Madeira. 

F Courses. Winds. ! Remarks, Saturday, June 17, 1809. 


Strong breezes with rain attended will 
hard squalls, thunder, and lightning. 

In 1st reef of the topsails. 

Tacked. 

Squally. In top gallant sails. 

In 2d reef of the top sails. 

Down top gallant yaids. 

Hard squalls. Handed the main sail 
and mizen top sails. 

- Close reefed, and handed the fore andl 
5 main top sail, and brought the Ship t<J 

under a fore sail,mizen,& mizen stay sails J 

- Wore Ship. | 

At day-light more moderate. Set the 
top-sails d uble reefed, and the mainsail. 
Up top gallant yards. 

Fair weather. Out all reefs of the top 
sails. Set the top gallant sails* j 


Variation 2 points west. 

Long. Bearing and Distance 
obs. at noon. 

Cape Finisterre, 
S.E. by F, 104m. 


W. by S. 

S. by W. 

S.E. by S. 

S W. byS. 

S.S.E. 

S.W. 

f up S. by E. 

- - , 

\ off S.E.bvE 


f up W. hy S 

Variable. 

\offNWb.W 


W. hy N. 

S.W. by S 

West 

S.S.W. 


It appears by the* log of this clay, that the Ship has been Iving-to from midnight to 4 
in the morning, therefore the middle points between those the Ship comes up to and falls 
off to, corrected for variation and leeway, as directed in page 245, together with the 
drift, w hich is here assumed at 1 knot per hour, are inserted in the Traterse Table as the 
fourth and tilth course and distance. 

The diff. of lat. 28.7, and dep. 29.2, give the 
course S. 45’\° W. and distance 41 miles. 
Yesterday’s lat. 44 0 19' N. Mcr. Pts. 2972 
D.ff.lat. - 29 S. 

Latitude in - 43 50 N. Mer. Pts. 2932 

Stun of latitudes 80 9 — ■■ 

Mid. latitude - 44 4 Mer. diff. lat. 43 

Co. mid. latitude 45 56 

The comp, of mid. lat. 45 0 56', and dep. 29.2, 
or the course 45 and the mer. diff. of lat. 40, 
give the diff. of long. - o° 40* W. 

Yesterday’s longitude - id 37 W. 

Longitude in - 11 17 W. 

To find the Bearing and Distance of Cape Finisterre . 

Latitude of Ship 43° 50' N. - Mer. Parts 2932 Longitude of Ship ll° 17'W. 

Lat. of C. Fimsterre 42 52 N. - Mer. Parts 2852 Long, of C. Finisterre 9 17 W. 

Diff. of latitude - * 58 Mer. diff. lat. 80 Diff. of longitude - 2 0=120 

Hence the true bearing of Cape Finisterre is S.E. by E., or S.E. by S. by compass, and 

the distance 104 miles. 
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€>fnp BRITANNIA from England towards Madeira. 


Courses. 


W. 


Remarks, Sunday, June 18, 1809. 


S.S.W. I (Fair weather throughout. 


W. by S. S. by W. 1 
S.W. by W. S. by E. { 

S.W. S.E. by S. 


At noon pumped Ship at 10 inches water. 
Variation per amplitude 21 0 West. 


Beuiiug and Distance 
at noon. 



The vaiiation, as observed by an amplitude, being 21° W., the courses are corrected 
to the nearest degree before they are inserted in the Tinverse Table, 

Courses Dist. W. Si E w! The diff. of lat. 71.7, and dep. 73.6, 

---—-- -- give the course S.46 3 W.&dist. 102 miles. 

8. 83 s W. 20 2.4 19.9 Yesurday’s lat. 43°5o'N. Mer.Pts. 2932 

S. 69 W. 15 5.4 14.a Dtff. ot lat.72 or 1 12 S. 

S. 41 W. 35 26.4 23.0 —— 

S. 24 W. 41 37.5 16.7 Latitude in 42 38N. Mer.Pts. 2833 

Diff. lat. 71.7 Den. 73.6 Mer. diff. lat. 99 

The course 46°, and the mer. diff. of latitude 99, give the difference of longitude log 
miles, or - - - 1° 43' W. 

Yesterday’s longitude - 11 17 W. 


Longitude in 


13 o W. 


To find the Bearing and Distance of Porto Santo • 

Latitude of Ship - 42 0 38' N. - Mer. Parts 2833 Longitude of Shin 13 0 c/W. 
Lat. of Porto Santo 32 58 N. - Mer. Pai ls 2097 l.oug. of Porto Santo 16 25 W. 

Diff. of latitude 9 40 =580 Mer. diff. lat. 736 Diff. of longitude - 3 25*205 

The mer. diff. lat. 736 and the diff. of long. 205, give the true course S. i5i c W.; this 
course and the proper diff. of lat., 580, give the distance 602 miles. The course to be 
steered is therefore & 36 0 iW., or S.W.iS. 
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MM 

M 

BRITANNIA from 

England towards Madeira. | 

H 

K 

F 

Courses. 

Winds. 

Lee¬ 

way. 

Remarks, Monday, June 19. 1809. 1 

1 

4 



S.VV. 

S.K. 


. 


Variable light breezes aud calms, withl 

2 

j 









hot sultry weather. 


3 

* 

5 







People and tradesmen employed vari-l 

4 

3 


2 







ously. 



5 

3 













6 

2 













l 

2 



- 

- 

Variable 







9 

3 

2 


I 











10 

2 


■ 










\ 

11 

2 













12 

1 

2 

1 


1 











3 


»■ 

m 

- 

- 

Cal m 







4 

s 



H 

• 





Tried the current and found it settiupl 

6 










h 

cr 

*< 

at the rate of § a mile per hour J 

7 




S.W. by S. 

N.E. by R. 







8 



6 











H 

2 

2 

5 



E. by N. 



Lat. obs. by mer 

. alt. 42* tf N. 

D 

3 







1 


Variation pet azimuth icr 19 W. 1 

D 

3 

6 






1 





r~ 


ffl 


mmm 

Ml 

US9 

Lat. 

Diff. 

Long 

Long. 

Bearing and Distance 

ICou' 





111131 

obs. 

long. 

acc. 

obs. 

at noon. 

1UHP 

m 

11 


22 

14 

42 0 

42 ° 

V 


19 

13° 19 


Porto Santo. 

bH 


s. 

W. 

N. 

N.' 

W. 

\V. 


S. I.s e w., 564m. 


By this day's log it appi ars that the current act if.E. by X., by compass, which cor- 
rectwJ fur variation is N. 14 0 E.; and the drift was at the rate of half a mile per hour, 
making 12 miles in the 24 hours $ these are therefore set down in the 1 reverse Table as A 
course aud distance. 


Courses. 

Dist. 

N. 

~ 3 T 

E. 

W. 

5 . 25 °W. 
S. 13 w. 
N.13 E. 

33 

14 

12 

II.7 

29.9 

13.6 

2-7 

I 3 *< 
3 * J 



II.7 

43 5 
11.7 

*•7 

* 7 -< 

a -7 


Difl 

f lat. 

31.8 

Dcp. 

14.. 


The diff. lafc. 31.8. and dep. 14.3, give 
course S. 24 0 W., and distance 35 miles. 

Yesterday’s lat. 42°38 / N. Mer. Parts 2833 
Diff. of latitude * 32 S. 


Latitude in « 
Sum nf lats. 
Mid. lat. 

Comp. mid. lat. 


42 6 N. Mer. Parts 2790 

84 44 ' - 

42 22 Mer. dim let. 43 
47 38. 


The comp, of m«d. lat. 47 0 38', and the departure 14.3, or the course 24% and the 
mer. diff. of lat. 43, give the diff. of longitude o° 19* W. 

' Yesterday’s longitude - 13 o W. 


Longitude in 


13 19 W * 


To find the Bearing and Distance of Poria Sonia. 

Latitude of Ship 41 0 3'N. - Mer. Parts 2786 Longitude of Ship i i» 19'W. 
Lat. of Porto Santo 32 38 N. - Mer. Parts 2097 Long, of Porto Santo 16 23 W. 


Diff. of latitude 9 3*543 Mer. diff. lat. 689 DifL of longitudb - 3 6*186 

The mer. diff. of lafc 689 and diff. of longitude 186, give the true course S. 13° W. ; 
this course and the proper diff. of lat. 545 give the distance 364 mites. Hence the course 
by compass is S. 35* W. or S.W. by S. nearly. 
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&pip BRITANNIA from England towards Madeira. 



Courses. Winds. 


S.S.W.iW. | E. by N. 


Vsriable 



S.W. by W. I S. by E. 


Remarks, Tuesday, June so, 1809. 


An increasing breeze throughout, wit 
fair weather and smooth water. Em 
ployed as yesterday. 

At 4b 11m p.M. observed the dittane 
between the Sun and Moon, which give 
our longitude at noon 13° 55 1 West 0 
Greenwich. 


Course Dist. 


Lat. obs. by mer. alt. 39° 36* N. 
Variation 1$ point West. 


DifF. Long. Long. Bearing and Distance 
long. acc. obs. at noon. 


The courses being corrected for variation, with the corresponding distances, will be 
as in the Traverse Table. 


Courses. Dist. N. 

S.*\V. 88 j 

S.W 4 S. 22 
S.S.W^W. 46 


S. K. W. The diff. of latitude 146.3 and departure 

J_L_ 1 45.7, give the course S. 17° W. and the distance 

7.0 12.9 1 53 m| l es * 

7*7 Yerterday's lat. 42° VN. Mer. Parts 2786 

1.6 19*7 Diff. of lat. 146, or 2 20 S. 

6.3 Pep. 43.7 Latitude in - 29 37 N. Mer. Parts 2593 

Sum of latitudes 81 40 — 


I IDiff. Lat.l146.3lDep.l43.7l Latitude in - 29 37 N. Mer. Parts 2593 

Sum of latitudes 81 40 — 

Middle latitude 40 50 Mer. diff. lat. 193 

Comp, of mid. lat. 49 10 

The comp, of mid. lat. 49° ic/ and the departure 45.7, give the diff. of longitude 6x 

miles; or the course 17° and mer. diff. of latitude 193, give the difference of longi; 

tude .... 59'W. 

Yesterday’s longitude - - 13° 19 W. 


Longitude in 


14 18 w. 


To find the Bearing and Distance of Potto Santo . 

Latitude of Ship 39° 36' N. - Mer. Parts 2591 Longitude of Ship 12* 55’W. 
Lat. of Porto Santo 32 38 N. - Mer. Parts 2097 Long, of Porto Santo 16 25 W. 

Diff. of latitude - 6 38=398 Mer. diff. lat. 494 Diff. of longitude - 2 30=150 

Hence the bearing of Porto Santo is S. by W*$W. and the distance 416 miles* Thb 
course therefore to be steered is S.W 4 S. 

Mm 
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■ 

BRITANNIA from 

England towards 

Madeira. | 

a 

D 

a 

Courses. 

Winds. 

Lee¬ 

way. 

Remarks/Wediu sday, June 21, 1809. 


7 

4 

S.W 

\ 

S.S.K. 


A fre.th breeze throughout, with passing 


I 

6 






squalls and rain at times. 


P 

8 







People and Tradesmen employed as 

5 

8 







yesterday. 

Gunner painting the Boots* 1 

H 

8 

8 











& 

8 


v 









K 

8 











iR 

8 

5 

- 

- 

S.E* 


In 1 si reef of the topsails* j 

u 

8 

5 










Ip 

El 












n 

5 










B 

7 

5 

- 

- 

S.E. by S. 






■ 

7 











1 












K 












K 


B 

S.W.1W. 

S. by E. 


Lat. obs. by mer. alt. 36° 5a N. § 

n 

K3 

■ 











n 

□ 










R 

If 

Q 










B 

H 

H 







Variation per azimuth i8°4l'W. | 


Dist. 

Diff. 

Dep. 

Lat. 

Lat. 

Diff. 

Long. 


■HLSaHEfflgl 


m 


lut. 

arc. 

obs. 

long. 

acc. 



s 

w. 


* 6 5 

85 

36° 51' 

130' 

5°' 

107 

l6°5' 

15° 4*' 

Porto Santo, 1 

^yjjj 



s. 

W. 

N. 

N. 

W. 

W. 

W. 

S.$W. 235m. ] 


The courses corrected for variation to the nearest degree, with the corresponding dis¬ 
tances, will be as under. 


The diff. of lat. 165.1 and the departure 
85.0, give the course S. 17° W. t and distance 

186 miles. 

Yesterday’s lat. 39 0 36' N. Mer. Parts 1591 
Dill*, of lat. 165 or 1 45 S. 

Latitude in - 36 51 N. Mer. Parts 2381 

Sum of lats. - 76 27 — — 

Mid. latitude 38 13 Mer* diff. lat. 210 

Co. mid. latitude 51 47 

The comp, of mid. latitude 5i 3 47' and the departure 85.0, give the diff. of longitude 
r 08 miles : or, the course 27° and the mer. diff. of latitude 210, give the diff. of longitude 
107 miles. 

Yesterday’s long, by acc. - 14 0 r8'W. Yesterday’s long, by obs. 13 0 55 # W 1 . 
Diff. of long. 107 miles, or 1 47 W. Diff. of long. 107 miles, or i 47 W. 

Longitude in by account - 16 5 W. Longitude in by observation 15 42 W. 


Courses. 

Dist. 

X. 

S. 

E. 

W. 

S. 26= W. 

S. 32 w. 

14H 

3 ^ 

Diff. 

lat. 

» 33 *° 

32.2 


64. 
:o. i 

fbS . 2 

Dcp. 

0 

oc 


To find the Bearing and Distance of Porto Santo . 

Latitude of Ship 36° 50' N. - Mer. Parts 2380 Longitude of Ship 15* 42* W. 

Lot. of Porto Santo 32 58 N. - Mer. Parts 2097 Long, of Porto Santo 16 25 W. 

Diff. of latitude - 3 52 = 232 Mer. diff. lat* 283 Diff. of longitude - 43 


Hence the true course to Porto Santo is S.JW’*, or the magnetic course S.S.W.i'VT. 
nearly, and the distance 235 miles. 
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| £$ip BRITANNIA from Ekolanp toward* MaRRI**. | 

□ 

1- 

l F 

Courses. 

Wind#. 

Lee¬ 

way. 

Remarks, Thursday, Juue 2a, 1809. 

I 

1 7 

5 

I S.W. 

| S.S.R. , 



First part a fresh breeze, middle and 

2 

w 








latter more moderate, aod smooth water. 

3 

W 












4 













5 

■j 

7 











6 













7 

6 












8 

5 












K1 

5 

3 

W.S.W. 

South 

i 






5 












id 

5 


- 

. 

- 

- 

- 


Tacked. 



12 

4 

8 

S.E. by E. 

S. by W. 

1 


At nh 36m P.M. observed the distance! 

1 

4 

5 







of the Moon’s farthest limb from tbe Stan 

2 

5 








Antares, which gives our longitude at noonl 

3 

4 

5 







16 s 23 ; West of Greenwich. 1 

4 

4 












5 

4 












6 

4 


S.E. byS. 

S.W. by S. 

X 






l 

4 

4 

4 











9 

3 

6 

. 

- • 

- 


• 


Tacked. 



10 

3 

3 

West 

S.S.W. 

*4 

Lat. obs. by mer. 

•It. 35°46'N. 

IX 

3 












12 

3 








• 

Variation 1J point West. | 

I Course i 

Dist. 

Diff. 

Dep. 

Lat. 

Lat. 

isa 

na&si 

Long. 

Bearing and • 


1 


lat. 

acc. 

obs. 

ES3 

m 

m 3 M 

Distance at noon. 

. 

R| 

IKI 


RHEjf 


■ 

m 


16° 23* 

Porto Santo, 

M M 

ail 

m 

Isa 




KB 

Kal 

w. | 

South, 168m. 


The courses corrected for variation and leeway, with their corresponding distances, will 
be as under. 

The diff. of latitude 64.3, and dep. 5 0, 
give the course S. 4 0 W., and the distance 65 
miles. 

Yesterday’s 1st. 36° jc'N, Mer. Parts 2380 
Diff. of 1st. 64, or x 4 S. 

Latitude in - 35 46 N. Mtr. Parts *301 

of lats. - 72 |6 —• 

latitude - 36 18 Mer. diff. let. 79 


Courses. 

Dist. 

N. 

S. , E. 

W. 

S.S.W.JVY. 

5* 


45-91 

24-5 

S.W. by W. 

15 


8.3I 

'2-5 

E.iS. 

27 


2.626.9 


E-S.E.^S. 

16 


7-5 »4-i 


West 

9 


_j_ 

9.0 


Diff. 

lat. 

^4* 3*41.0 

46.0: 





41.01 




Dep. 

5-o 


The comp, of mid. latitude 53° 41'and the departure 5.0, or the course 4* na&the qsr. 
diff. of lat. 79, give the diff. of longitude - 6* W. 

Yesterday’s longitude by account - iP j V. 


Longitude in by account 


16 11 W. 


Tojmd ik€ Bearing end Pittance if Porto Santo. 

Latitude of Ship 35°46 # N. - Mer. Parts 2301 Longitude of Ship l6* C3*W. 
Lat of Porto Santo 32 58 N. - Mer. Part* 0097 Long, of Porto Sa*t* x$ &5*Wj 

Diff. of latitude 2 48=168 Mer, diff. lat. 204 Dig of lon gi t u de - 2 


Hence the true bearing is South nearly, and the distance 168 miles. The course to be 
Steered is therefore 8. by YffW* 
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| £$fp BRITANNIA from England towards Madeira. | 

B 

E 

B 


Winds. - 


Remarks, Friday, June 23, 1809. 

I 

i 


i 

West 

S.W. by W. 

South 

S.S.E. 

S.S.W. 

S. by E. 

East 

E.N.E, 

N.E. by E. 

N.E. 

** 

X 

An increasing breeze and fair. 

A.M. bent the best bower and sheet 
cables, and unstop ed the anchors. People 
otherwise employed reeving the Harbour- 
Gier, and iu sundry small jobs. 

Lat. obs. by mer. alt. 3^° 56' N. 

Variation point West. 

Course 


BBiiaa 

Lat. 

acc. 

Lat. 

obs. 

Diff’. ILong 
long.J acc. 

Long. Bearing and Distauce 
obs. at noon. 


113 

106 j 42 

S. 1 E. 

34 ° o' 
N. 

V 

51 X5°20' 

E. W. 

1^32' Porto Santo, 

W. S.3?°W. 73m. 


The diff. of lat. 105.6, and departure 41.9, 
give the course S. 2 i%° E., and the distance 
113 miles. 

Yesterday’s lat. 35°46'N. Mer. Parts 4301 
Diff. of lat. 106' or 1 46 S. 

Latitude in - 34 o N. Mer. Parts 2171 

Sum of latitudes 69 46 — 

Middle latitude 34 53 Mer. diff, lat. 130 
Co. mid. latitude 55 7 


The comp, of mid. lat. 55° 7' and the departure 41.9, or the course 21 and the mer* 
diff. of lat. 130, give the diff. of long. 51 miles. 

Yesterday's long, by acc. 16 0 n' W, Yesterday's long, by obs. 16 0 23' W. 
Diff. of longitude - 51 E r Diff. of longitude - 51 E. 


Longitude in by account 15 20 W. Longitude in by observation 15 32 W. 

To find the Bearing and Distance of Porto Santo • 

latitude of Ship 33° 56* N. - Mer. Parts 2167 Longitude of Ship 15* 32' W. 

Lat. of Porto Santo 32 58 N. - Mer. Parts 2097 Loug. of Porto Santo 16 25 W. 


Diff. of latitude - 58 Mer. diff. laU 70 Diff. of longitude - 53 

Hence the true bearing is S. >;°W. and the distance 73 miles* The course to he 
steered is therefore d* 54 W.orS.W.*W. 


Courses. 

Dist- 

N. 

S. 

E. 

W. 

We*’ 

10 




10.0 

S.W.|W. 

20 


12.7 


* 5-5 

S. by E.JE. 

18 


* 7-2 

5-2 


S.E.JS. 

98 


75*7 

62.2 



Diff. a‘. 

105.6 

67.4 

25-5 





25-5 





Dep. 

41.9 
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ft$ip BRITANNIA from England towards Madeira. | 

H. 

K 

F 

Courses. 

Winds. 

Lee¬ 

way 

Remarks, 

Saturday, June 24, 1809. | 

1 

nr 

2 

S.W. by S. 

N.E 




A pleasant breeze and fair throughout. 1 

2 

7 









A.M. be lit the small bower cable, and! 

3 

6 

5 








un stowed the anchor. 1 

4 

6 











1 

5 

5 

4 

S.W. by W. 

E.N.E. 





1 

6 

5 



- 

- 

- 

- 

- 

Saw the land bearing S.W. by S. 1 

1 

5 

2 











0 

9 

5 

5 

5 




East 



Porto Santo W.S.W. about 5 leagues. I 

10 










At 10 P.M. brought-to. Main-top-saiu 

11 










to the mast. 

1 

X2 

I 

> 

- 


Lying-to 








2 

3 

4 




W.S.W. 

- 

- 


- 

At day-light made sail. 

i 










Porto Santo N.W. by N. Deserters 

7 










S.W. by S. 

East end of Madeira W. by S.l 

8 










At noon came to an anchor in Funchal 

9 




W. by S. 





roads, with the best bower in 25 fathoms; 

10 




Various 





mud and sand, off shore £ of a mile; Loo 

11 










Castle bearing N.N.W. and Fort Lorenzo 

12 










IE.N.K. 




1 

I 

. 1 

Diff. 

_ 1 

Lat. 




Bearing and Distance 

Course 

DiSt. 

lat. 

Dep.| 

acc. 




at noon. 


1 

1 

c 

1 - 






The courses steered from noon to 9 P.M. and the bearing of Porto Santo from the Ship 
at that time, corrected for point West variation ; also the distances run, and the esti* 
mated'distance of the Ship from the land, being entered in a Traverse Table, will give the 
cliff, of latitude 55.4 aud the departure 35.9. 

From hence the latitude of Porto Santo, by the Ship’s reckoning, is found to be 
33 0 i' N., and the longitude, carried on from the last lunar observation, 16* 1 $' W.; differ* 
ing 3 miles in latitude and 10 miles in longitude from its position, as laid down in 
Table XL. 

The Ship’s track during the preceding voyage is laid down on the Mercator’s Chart, 
according to the latitude and longitude each day at noon. 
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Week Days, 


FORM op a JOURNAL 


Winds. Courses. Dist. Lat. in Long, in 


West 


*7 I 4» 5- 5 22 


Bearings &c. 
at noon. 


Usbaut, S.£ E. 
9 leagues. 


3 

| Westerly | 



48 47 



48 36 


30 48 56 5 21 


9 I 48 58 



r 

W. byS. 

| South 

* W.byN. 


1 

Westerly 




33 48 5° 


48 39 


48 45 


48 36 






Ushaut, S. £ C. 

4 leagues. 
Ubhant, S.S.K. 
3 leagues. 
Ufchuut, S. by £ 
$ E. 3 l» agues. 
Ushant, S.$W 7 
10 or it miles. 



Sunday .. 


Monday . 


Tuesday • 


22 I North 
N.W. 


ushant, 
E. by S.*S. 
3 leagues. 


23 N.W. North 41 49 10 3 00 Ushaut, 

South 
41 miles. 














































































USED in the ROYAL NAVY. 


*7t 


Remarks, Ate. on board H. M. Ship WINDSOR CAS TLE. 




Fresh breezes and cloudy. At 8 F.M. Usoant South 5 leagues. light breezes; made 
uid shortened sail occasionally. . 

Moderate breezes and cloudy A.M. fresh breezes, and hazy with rain; H. ja< 
Ship San Joseph joined company. 

Fresh breezes and hazy. Reefed topsails occasionally. A.M. moderate; hove too. 
and out all reefs. To-day squadron in company. 

Moderate breezes and hazy; made and shortened sail occasionally. A.M. Ditto 
weather; tacked and wore occasionally in company with the fleet. 

Moderate breezes and hazy. At 8 P.M* Ushant S.S.W. 5 or 6 leagues. A.M. trtsti 
breezes and cloudy ; squadron in company. 

Moderate and hazy. Tacked occasionally. A.M. moderate and clear; answered 
the signal for punishment, and hore-to with the squadron. At { past 10, sent a Boat 
with an Officer to attend Hie execution of two Seamen for mutiny on board H. M. Ship 
Montague. At noon made sail. 

Fresh breezes and cloudy, lu 3d reef of the topsails and down top-gallant-yards, 
A.M. squally; close reefed. 

Fresh breezes and squally, A.M. Moderate and cloudy; out reefs of the topsails, up 
top gallant yards. 

Light breezes and pleasant, A.M. Ditto weather; supplied H. M. Ship Ville de 
Paris, with 6 tons of water. 

Moderate breezes and line weather. At 8 P.M. Ushant S. by E.{E. 3 leagues. A.M. 
Punished several men for drunkenness. Sqnadron in company. 

Fresh breezes and cloudy ; tacked and wore occasionally. At \ past 8 P.M. Ushant 
South 3 leagues. A.M. moderate breezes and pleasant. Exercised at quarters. 

Ditto weather; joined company H. M. Ship Minotaur, A.M. Made and shortened 
sail occxrionally. 

Moderate breezes an>i hazy. A.M. light airs and calm. Out all reefs of the top¬ 
sails. Mustered by divisions. 

Light aiis and hazy, wore occasionally. At $ past 7 Ushant S.E. 3 leagues. A.M 
Moderate and clear. 

Light air* inclinable to calm ; H. M. Ship Ville de Paris bearing the flag of Admiial 
Cornwallis, parted company, and Sir Charles Cotton took the command. Tacked oc¬ 
casionally. A.M. Ditto weather. Made and shortened sail oceasionallv. 

Moderate breezes and cloudy. At 8 Ushant S,W. 3 or 4 leagues. A.M. Ditto wea¬ 
ther. Squadron in company. 

Moderate breezes and hazy. Made and shortened sail occasionally. A.M. Light 
breezes and cloudy ; squadron in company. 

Moderate breezes and cloudy. At 8, Ushant S. by E.^E. 3 leagues. A.M. Ditto 
weather. Made and shortened sail occasionally. 

, Moderate and clear. At 1, out launch and received 3 bullocks, vegetables, Ac. from 
; H. M. Ship Majestic. At 4, in launch and made sail. A.M. fresh breezes and cloudy. 
Mustered by divisions and performed Divine Service. 

Fresh breezes and cloudy weather. At 2, took a transpoit 111 tow, per signal. A1 
4, Ushant S.E. by E. 5 leagues. A.M. Ditto weather with rain. At 11 cast off the 
tow. 

Moderate breezes and cloudy. Made and shortened sail occasionally. A.M. froMij 
• breezes and squally; H. M. Ship Dreadnought joined company with the s-quadron. J 
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*7* FORM of an EAST INDIA JOURNAL. 


| ESSEX from England towards Ceylon. 

H 

Courses. 

□ 

1 

Winds, fee. 

Lee¬ 

way. 

Friday, August 12, 1803. 

i 

S.W. 

nr 


S.S.E. . 1 

1 

Moderate breezes and pleasant 

a 


2 

4 



weather throughout. 

3 


3 

2 



A.M. stay’d the masts and set 

4 


3 

2 



up the main and main-top-mast 

5 


3 

4 



Egging. 

6 


4 




Tradesmen variously employed. 

l 


2 

4 




8 


3 





9 


3 





IO 


3 





ii 


3 





12 


3 





I 


3 

6 




2 


3 
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3 


2 





4 



6 




3 

W.S.W. 


6 

S. b j E. 



0 







7 



6 




8 



6 




9 


WM 




Latitude observed 2° o' N. 

IO 


H 





ii 


2 





12 


2 






Dist. per log. 

75m. 

11 Inches in the Well. 


Course 

l.$o* 

Sc dl*t. I X fobs 

MT. 70 m. 1 Lat. \ acc 

.51 

X 

Lon. 

f acc. 54 I Lar.f ob ** * 0 X* 
[ cbr. 81 1 t * t *t*««* > II N. 

| Loa. 


{Departure^ 1 8 . of acc- ij 1 W. ot acc. 38 1 Barom. 39 .$ 


H 

Courses. 

0 

1 

Winds, &e. 

Lee¬ 

way. 

Saturday, August 13, 1803. 

1 

S.W. 

n 


S.S.E. 

i 

A steady breeze and fine wea- 

2 

W.S.W. 

4 

4 


ther throughout. 

7 


4 




A.M. set up the mizen riggiug. 

4 


4 




Washed the gun-deck and ex- 

5 

S.W. 

4 



i 

ercised great guns and small arms 

6 


4 




Longitude per Sun and Moon 

7 


2 

5 



i 


2 

4 



at 11 A.M., 22° 8'W. of Green* 

9 


2 

* 



wich. 

10 


2 





11 


2 

6 




12 


3 





1 


3 





2 


2 

6 




3 


3 





4 


3 





l 

W.S.W. 

3 

3 


South 

i 


V 


4 

4 

6 

6 



Latitude observed o° 5# N. 

9 

10 


3 

3 

6 

4 


i 

A strong set to the westward. 

11 

S.S.W. 

3 

4 

S.E. 


12 


3 

2 






K2E3 

| 10 Inches in the Well. 


1 tervj "iwi ycrTyr 

WlM 



fmde. 1C az*yW.I fpm. 

p» 47* 

W. son, 1 Lat. \ as 

E. S4 

Loo. 


' ( io ii 39 jchr.u 5 1 o* W 

lvLjiui^A*'i —IN i*r 

jeM 

W. of aec. n 1 Barom. N.S 
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EXPLANATION of SEA TERMS. 


ABACK. The situation of the sails when their surfaces are pressed aft 
against the masts by the force of the wind. 

Abaft or Aft. The hinder part of a Ship, or all those parts which lie 
towards the stern; used lelatively, it signifies further aft, or nearer the 
stern. 

Aboard or Inboard. The inside of a Ship. 

About. The situation of a Ship as soon as she has tacked. 

About Ship / The order to the Ship's crew to prepare for tacking. 

Abreast. Side by side. 

Adrift. The state of a Vessel broken loose from her moorings, and 
driving about without controul. 

Afloat. Buoyed up by the water from the ground: 

A-lee. The position of the helm when it is put down to the lee side. 

Aloft. Up in the tops, or at the mast-heads* or any where in the higher 
rigging. 

Aloof. At a distance. 

Apron . A square piece of sheet lead tied over the touch-bole of a canno* 
to keep the water out. 

Athwart . Across; as,“ we discovered a fleet steering athwart us/' that is # 
steering across our way. 

Athwart home. The situation of a Ship or Vessel when driven hy accident 
across the fore part of another. 

Avast J The order to stop or pause in any exercise or operation. ; 

Atoning. A canopy of canvas extending over the decks of a Ship, or qver 
a Boat, in hot weather, to protect the officers and crew, and preserve the 
decks from the beat of the Sun. Also, part of the poop deck which is con¬ 
tinued forward beyond the bulk head of the cuddy in East India Ships. 

Bale. To bale a boat is to throw the water out of her which has got ink 
by means of a leak, the spray of the sea, or otherwise. 

Bare Poles. When a Ship at sea has no sails set, she is then said tq be 
under bare poles. 

Ballast. A certain portion of stone, iron, gravel, or any such like ma¬ 
terials, deposited in a Ship's hold, when she has no cargo on board, or not 
sufficient to bring her low enough down in the water, so as to prevent hqr 
from upsetting. 

. Barge. A Vessel or Boat of State; those employed in the Navy are for 
the use of the Admirals, Captains, and superior Officers. Also, the Damp 
*>f a flat-bottomed Vessel of burthen, used in loading or unloading Ships. 

Batten . A long thin piece of wood. ^ 

N» 
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' To batten down the hatches To lay battens upon the tarpaulins which 
are over the hatches, in bad weather, and nail them down that they may 
not be washed or blown off. 

Beach. 1 he sea shore, or margin of the sea. 

Beacon. A po*t, or stake, erected over a *hoa!, or sand bank, es a warn¬ 
ing to seamen to keep at a distance. Also, at'gnjl place i at the top of 
hills, &c. 

Beams. Strong thick pieces of timber, stretclii g :.cro?s th * Ship bom 
side to side, to support the decks, and retain the sides at their urcyer 
distance. 

Bearing. The situation of one plare from another, with regard t) ?l* 
points of the Compass. The eituation, also, of any distant oije.it, 
estimated from 6ome part of the Ship, according to her situation. 

To belay. To fasten any running rope; as, “belay the main brace;* 
that is, make it fast. 

Bend. That part of one rope which is fastened to another, or to an an¬ 
chor, &c. 

To bend . To fasten one rope to another; to bend sails, is to extend and 
fasten them to the yards. 

Bight . The double part of a rope when it is folded, in contradistinction 
to the two ends. Also, a small inlet of the sea. 

Bilge. To break; as, “the Ship is bilged;” that is, her planks are broken 
in by violence. 

Bilge-water. Water which by reason of the flatness of a Ship’s bottom, 
lies on her floor, and tannol go to the well of the pump. 

Binnacle. A wooden case or box, on the deck of a Ship, containing the 
Compasses by which the Vessel is steered. 

Birth. A place ; a* “the Ship's biith,” that is, the place where she is 
snoored; it also signifies the place where the Officers, or any of the Ship’s 
company, mess or sleep in. 

To birth the Ship’s company. To allot to each man the place where he is 
to mess and hang up his hammock. 

Bitts . Very large pieces of timber round which the cables are fastened, 
when the Ship is at anchor; there are also smaller bitts where the top sail 
sheets are made fast to. 

Block. A piece of wood with a sheave or wheel in it, through which a 
lope is pat to add to the purchase. 

Bluff'. Broad; as “ the Ship is bluff bowedthat is, has broad and 
flat bows. 

Boatswam. The Officer who Las the charge of all the cordage, rigging, 
anchors, &c. 

Bolt rope. A rop^ to which the edges of a sail are sewed, in order to 
strengthen them; the side ropes are called leach ropes , thjit at the top 
the head rope, and that at the bottom the foot rope. 

Bonnet . An additional part made to lace on to the foot of the sails of 
small Vessels in light winds. 

Bowline. A rope fastened near the middle of the leach of a square sail, 
by three or four subordinate parts, calltd bridles , to keep the weather leach 
forward when the Ship is close-hauled to the wind. 

Bowsprit . A large mast or piece of timber which runs out from tbs bows 
of a Ship, 
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Boxhauling . A particular method of veering a Ship, *hen the swell qf 
the sea renders tacking impracticable. 

Braces. Hopes by which the yards are turned about to form the sails to 
the wind. 

To brace to. To ease off the lee braces and haul in the weather ones, 
in order to assist the (potion of the Ship’s head in tacking. 

To brace up. To ease off the weather braces and haul up the lee ones* 

To bring by the he. See to broach to. 

To broach to. To incline suddenly to windward of the Ship’s course so as 
to present her side to the wind, and endanger her oversetting. The differ¬ 
ence between broaching to and bringing by the toe, may be thus explained ; 
Suppose a Ship under great sail is steering South, having the wind at 
N.N.W. ; then West is the weather side, and East the lee side. Now, if 
by any accident, her head turns round tQ the westward, so that her sails 
are al) taken aback on the weather side, she is said to broach to ; but if on 
the contrary, her head declines so far eastward as to lay her sail aback on 
that side which was the lee side, it is termed bringing by the lee. 

Broken-backed. The state of a Ship so loosened in her, frame, either by 
age, weakness, or accident, as to droop at each end. 

Bumkin. A short boom or beam^ of timber projecting from each bow, 
to extend the clue or lower corner of the foresail to windward. 

Bunt lines. Ropes fastened to the foot ropes of square sails to draw them 
up to the middle of the yards, for the facility of furling. 

Buoy. A sort of close cask or block of wood, fastened by a rope, called 
the buoy rope , to the anchor, in order to point out its situation. 

Lifebuoy. A machine thrown into the sea when a person tails overboard; 
it is generally made of cork, or plank, with a pole run through the middle 5 
the lower end is loaded with lead, and on the upper is fixrd a flag and bell; 
the flag to direct the people in the boat where to find him by day, the bell 
by night; it is generally made sufficiently buoyant for a man to sit upright 
upon it. 

Cabin. A room or apartment in a Ship where any of the Officers usually 
reside. 

Cable. A large strong rope of considerable length, to hold the Ship when 
gt anchor. 

Caboose. The cook-room or kitchen iq Merchantmen. 

Call. A silver pipe or whistle of a peculiar construction, used by the 
boatswain and his Mates, to summon the Sailors to their duty, and direct 
them in the different employments of the Ship. 

Cap. A strong thick block of wood having two large holes through it, 
the one square, the other roqqri ; used to confine two masts together. 

Capsize . To upset or turn over. 

Capstan. An instrument in large Ships by which the anchor is weighed 
out of the groqnd; used qt other times whefi a very great purchase is re* 
quired. 

To carry amy . Tq break; as, that Ship has parried away her bowsprit 
that is, has broken it qff. 

Cat-heads. Two strong beams of timber over the Ship’s bows, with 
sheaves in them, to which the anchor is hoisted after it has been hove u§ 
by the cable. " 

# 0 * 
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* Chain-plates, Plates of iron fastened to the Ship’s sides, to which the dead 
eyes are fixed. 

Channels or Chain*wales. A place built on the sides of a Ship projecting 
out with notches cut in them, in order to receive the chain-plates, and to 
give the rigging a greater spread. 

Chesstrecb . Two stout pieces of wood fastened to the Ship's sides, with 
holes in the upper part, through which the main tack passes. 

Clue of a sail . The lower corners of square-sails, but the aftermost only 
of stay-sails, the other lower corner being called the tack. 

Clue-lines. Hopes which come down from the yards to the lower corners 
of the sails, by which means the clues, or lower corners of the sails, are 
hauled up. 

Coat. A piece of tarred canvass nailed round the lower part of a mast, 
close to the deck, to keep the water from going down 

Cock-pit . The place where the wounded in battle are carried to be 
dressed. 

Companion. The passage from the quarter deck to the lower part of the 
Ship. 

Conning or Cunning. The art of directing the Steersman to guide the Ship 
in the proper course. 

Cot. A particular sort of bed frame suspended from the beams of the 
Ship for the Officers to sleep in. - 

Crank. The quality of a Ship, which, for want of a sufficient weight 
below, is rendered incapable of carrying sail without being in danger of 
upsetting. 

Cuddy. In East India Ships, the foremost of the two apartments under 
the poop deck. 

Davit. A long beam of timber used as a crane, whereby to hoist the 
Dukes of the auchor to the top of the bow, without injuring the planks of 
the Ship's sides as it ascends. There is also a davit of a smaller kind fixed 
to the long boat, in order, if required, to weigh the anchor by the buoy- 
JOpe. 

Dead-eyes. Blocks of wood with three holes in each, but no sheaves, 
through which the lanyards of the shrouds are rove. 

Dead-light. Strong wooden ports made exactly to fit the cabin windows, 
in which they are fixed on the approach of a storm. 

Dead wind. A wind blowing from that point of the Compass to which it if 
wanted to steer the Ship. 

Dog-watch. The watches from four to six, and from six to eight in thq 
Evening. 

To douce. To lower or haul down; as, “ Douce the top gallant sailsp 
that is, lower them down. 

Dawn haul. A rope by which any fore and aft sail is hauled down. 

To drive. To be carried at random by the force of the wiud or tide, when 
the Ship's anchor does not hold in the ground. 

Dunnage. A quantity of loose wood laid at the bottom of a Ship to keep 
the cargo from being damage d in case of leaks. 

Barings. Small ropes employed to fasteu the upper corners of sails to tho 

.yards. , 

Elbow in the Hawse. This expression is used when a Ship being moored 
in a tide way, turns twice the wrong way, thereby causing the cables tQ 
take half a round turn on each other* 
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EXPLANATION OF SEA TERMS. Xll 

£nd for End. Applied to a rope that has entirely passed opt of the block 
through which it was reeved. 

Ensign. The dag worn at the stern of a Ship to denote what nation she 
belongs to. 

Fa^-end. The end of any rope which is become untwisted by frequent 
use ; to prevent which, the ends of ropes are wound round with pieces of 
twine, which operation is called whipping. 

Fake. One of the circles or windings of a cable or hawser as it lies dit+ 
posed in a coil. 

Full. That part of a tackle on which the people pul} f 
To fall off, lo fall to leeward. 

Fathom. A measure of six feet. 

fid. A square bar of wood or iron with a shoulder at one end; used to 
support the weight of the top-pinast when erected at the head of the lower 
one. It means also a pin of hard wood tapering atone end ; used to open 
the stiands of a rope when splicing. 

To fish the Anchor. To draw up the flukes of the anchor towards the top 
of the bows after it has been catted. 

Flag. A certain banner by which an Admiral is distinguished at sea from 
the inferior Ship6 of his squadron ; also, the colours by which one nation 
is distinguished from another. 

Forc-and-Ajt . Throughout the whole Ship's length. Lengthways of the 
Ship. 

Fore-castle. A short deck placed in the fore part of the Ship above the 
upper deck. 

Foul. A term generally used in opposition to clear; and implies, en¬ 
tangled, embarrassed, or contrary to; as, M A Ship ran foul of usthat 
}s, entangled herself about our rigging. 

Foul Anchor . The state of the auchor when the cable is twisted round the 
stock or flukes. 

To Founder . To sink at 9ea by filling with water. 

To Freshen the hawse. To veer out, or heave in, a little of the cable, in 
order to let another part of it endure the stress at the hawse-holes. It is 
also applied to the act of renewing the service round the cable at the hawse- 
holes. 

To Furl. To wrap or roll a sail close up to to the yard or slay to which 
it belongs, and, winding a cord round it, to keep it fast. 

Gangway. That part of a Ship's side, both within and without, by which 
persons enter and depart. 

Garboard Streak . The first range or streak of planks laid in a Ship's 
bottom next the keel. 

Gasket. A sort pf plaited cord passed round the sail to keep it firm when 
it is furled. 

Grapnell. A sort of small anchor with four or five flukes and no stock; 
commonly used to fasten Boats, or other small vessels. 

Gratings. A sort of open cover for the hatches, resembling lattice work; 
serving to give light to the lower apartments, and to permit a circulation 
of air. 

Ground Tackles. A general name given to all ropes and furniture belong¬ 
ing to the anchor. 

' Ground Tier The tier of any thing that is lowest in the hold; 

Gpnncl or Gunwale. The upper edge pf a Ship’s side. 
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Gun Room. A division in the aftermost part of the lower deck ; for the 
use of the Gunner and his stores. 

Guy. A rope used to keep steady any weighty body while it is hoisting 
•r lowering. 

Halliards. Popes by which apy sail is hoisted or lowered. 

Handing. The same as furling. 

llawserholes. Certain holes cut through the Ship's lj>ows on each side tb<l 
stem, through which the cables pass. 

Hawser. A kind of small cable psed on various occasions. 

To Heave. To turn about the capstern, or other machine of the like 
Jtipd, by means of bars, hand-spikes, &c. 

7 b Heave short. To draw so n>uch pf the cable into the Ship, as that she 
will be almost perpendicularly over her author. 

To Hcave-to. Tp stop the Ship’s course when she is advancing, by arrang¬ 
ing the sails in such a manner that they shull counteract each other, and 
prevept her from either advancing or retreating \ p is generally done by 
backing the fore or main topsail.—See Lying-to. 

Heave of the Sea. The power that the swell of the sea ha9 upon a Ship 
in driving her out, or faster on, in her course, and for which allowance ip 
jnade in the day's work. 

Helm. The instrument by ^hich a Ship is steered $ it includes the rudder, 
the wheel, and the tiller. 

To Hoist. Tp draw up any body by the assistance of ope or pipre tackles. 
Pulling by means of a single block is never termed hoisting, except only thp 
drawing of the sails upwards along the masts or stays. 

Hold. The space between the lower deck and the bottom of the Ship; 
where her stores and cargo lay. To stow the hold* is to place the 
things in it: 

Horse. A rope reaching from the middle qf a yard to its arms or extre¬ 
mities, for the men to stand on when they are loosing, reefing, or furling 
a sail. 

Jloy. A 6mall vessel usually rigged as a Sloop, and employed in carry¬ 
ing goods from one place to another. 

Hulk. A name given to any old vessel laid up as unfit for further sea 
service. 

Hull. The frame or body of a Ship, exclusive of her ipasts, yards, sails, 
and rigging. 

Hull down. A term applied to a Ship when she Is at such a distance as 
that only her masts and sails are to he seen. 

Jack. A sort of flag, or colours, displayed from a staff erected on ibfi 
bowsprit end. 

Jamming. The act of enclosing any object between two bodies so as t<* 
render it immoveable. A cask, box, or any other thing is also said to be 
jammed when it cannot be dislodged without difficulty. 

Jeers. The tackles by which the lower yards of a Ship arc hoisted of 
lowered down. 

Jeer Blocks. The blocks through which the jeers are rove. 

Jib. The foremost sail in a Ship, set upon a boom whicb runs out frotg 
the bowsprit. 

Jib-boom . A spar that runs out from the bowsprit end. 

Jolly Boat. The smallest Boat belonging to a Ship. 

Jiuik. Qld cable or old rope. 
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Jury Mast . A temporary or occasional mast erected in a Ship in the 
place of one; whu h has been carried away by accident. 

Kecklt/to. The art of winding old rope round a cable to preserve its sur¬ 
face from being rubbed against the. Ship’s bows or bottom. 

Kedge. A small anchor with an iron stock. 

Keel . The principal piece of timber in a Ship, which is usually first laid 
on the blocks in building. 

Keel hauling- The punishment of drags in g a person backwards and for 
wards under the Ship's keel for certain offences. This practice is now laid 
aside in the British Navy, but is practised by other powers. 

Keelson or Kelson. A piece of timber forming the interior of the keel; 
being laid on the middle of the floor timbers immediately over the keel, and 
serving t* unite the former to the latter. 

Knitted”*. Pigs of iron for ballast, laid upon the floor, near the kelson, 
fore and aft. 

Kmk. A sort of twist or turn in a cable or rope. 

To Labour . To pitch or roll heavily in a turbulent sea, by which means 
the masts and hull of the Ship are greatly endangered. 

Landfall. The first land discovered after a sea voyage. 

Laniard. A short piece of rope or line, fastened to several machines in a 
Ship, and serving to secure them in a particular place, or to mauage them 
more conveniently; such are the laniards of the gun ports, the laniard of 
the buov, the laniard of the cat-hook, &c. The principle laniards used 
in a ship, are those employed to extend the shrouds and stays of the masts 
by tin ir communication with the dead eyes and hearts, so as to form a sort 
of mechanical power, resembling that of a tackle. 

1&) board. Left. A name given by seamen to the left side of the Ship, when 
the spectator’s face is turned towards the head. 

Larboard Tack . The situation of a Ship sailing with the wind on her 
left side. 

J&ik. A chink or breach in the decks, sides, or Irottom of a Ship, through 
which the water parses into her hull. 

Leaches. The borders or edges of a sail. 

Lee . 't hat part of the hemisphere to which the wiud is directfd, to dis¬ 
tinguish it from the other part, which is called to windward. 

Lee-shore. That shore upon, or against which the wind blows. 

Lee-vay. The lateral movement of a Ship to the leeward of her course; 
or the angle which the line of her way makes with her keel when she is 
close-hauled. 

Lifts. The ropes which come from the mast heads to the ends of yards, 
and by which they are suspended when lowered down. 

Umbers or UmUr-holcs. Square holes cut through the lower part of a 
Ship’s floor timbers, very near the keel; forming a channel for water, and 
communicating with the pump well throughout the whole length of the 
floor. 

Ust . An inclination to one side ; as, “ The Ship has a list to port /’that 
js, she leans to the left. 

Log . A machine by which the Ship’s rate in going is ascertained. 
Log-board. Two board* shutting together like a book, and divided into 
several columns, containing the hours of the day and night, the directions 
^of the wind, the Ship’s course, and all the material occurrences that happen 
4uring. the 24 hours. 
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Log-book. A book into*which the contents of the log-board is daily tran** 
cribed at noon. 

To Luff. To come nearer to the wind, or, to bring the Ship's head more 
to windward. 

Lumpers. LabourerSjCm ployed to load and unload a Merchant’s Ship 
when in harbour. 

Lying-to. The situation of a Ship when she is retarded in her courses, by 
arranging the sails in such a manner as to counteract each other with 
nearly an equal effort, and render the Ship almost stationary with respect 
to her progressive motion or head-way* 

Magazine. A close room built in a chip's hold where the powder is kept* 

To make ihe land . To discover it from a distant situation. 

To make sail. To increase the quautity of sail already set; either by un* 
reefing or setting others. 

Marling spike. An iron pin tapering to a point, and principally used to 
separate the strands of a rope when splicing. 

Maul. A large iron hammer used for various purposes. 

Messenger. A large rope used to unmoor or heave up the anchors of & 
Ship by transmitting the efforts of the capstern to the cable. 

To miss stays. A Ship is said to miss stays when her head will not fly up 
in the direction of the wind in order to get her on the other tack. 

To Moor. To secure a Ship with two anchors and cables. 

Mouse . A kind of ball or knob, wrought upon the collar of the stays. 

Mustering. The act of calling over a list of the whole Ship's company, 
or any particular detachment thereof, who are accordingly to answer to 
their names. 

Narrows. A small passage between two lands. 

Neap Tides. Those tides which happen when the Moon is nearly at the 
second and fourth quarter ; the neap tides are low tides in respect to their 
opposites, the spring tides. 

Nippers. Certain pieces of cordage used to fasten the messenger to tho 
cable in heaving up the anchor. 

Nothing Off. A term used to direct the man at the helm not to go from 
the wind. 

Near or no Nearer. Not to come any nearer. 

Oakum. I he substance into which old ropes are reduced when they are 
Untwisted and drawn asunder* 

Offing. Out at sea, or at a competent distance from-the shore* 

Orlop Deck. The deck on which the cables are stowed. 

To Over-haul To clear away or disentangle any rope or tackle ; also, to 
come up with the chace; as, “ We over-haul her;" that is, we gain ground 
on her. 

Pa’m. An instrument used instead of a thimble in sewing canvas. 

To Parcel a Hope. To put a quautity of old canvas round a rope before* 
the service is put on. 

Parting . The state of being driven from the anchors by breaking the 
cable through the violence of the winds, waves, &c. 

Paul. A short bar of wood, or iron, fixed close to the capstern, or wind¬ 
lass of a Ship, to prevent those engines from rolling back, or giving way* 
win n they are charged with any great effort. 

Tv Paul iheVapsUrn . To fix the pawls so as to prevent the capstern frou* 
recoiling during any pause ol heaving. - * 
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To Pay. This term, applied to naval affairs, implies to daub or anoint 
the surface of any body, in order to preserve it from the injuries of the 
water or weather. 

To Pay the Seams. To pour hot pitch upon the seams after caulking* 

7o Pay out the Cable . To shove it out at the hawse-hole*. 

Pendant. The long narrow flag worn at the mast-head of aU Ships of war 
io actual service. 

Brace Pendants . Those ropes that secure the brace blocks to tl?e yard 
arms in ships of war; they are generally double in case that onebeipg *hoi 
away, the other may secure the yard in its proper position. 

Broad Pendant. A kind of flag terminating in one point, used tQ.distufc 
guish the Chief of a squadron. 

Port. A term used for larboard, or the left side. Also, a harbour 09 
haven. 

Port the Helm ! The order to put the helm over to the larboard side* 

Points. Flat pieces of plaited cordage, tapering from the middle toward* 
each end, whose lengths are generally double the circumference of the 
yard, and used to reef the courses or topsails. 

Poop. Thr highest and aftermost deck of a Ship. 

Ports. The embrasures or openings in the sides of a Ship of war, wherein 
the artillery is ranged upon the decks above and below. 

Preventer . An additional rope employed at times to support any other, 
when the latter suffers au unusual strain, particularly when blowing fresh, 
or in a gale of wind. 

Quarter. That part of a Ship’s side which lies towards, the stern, 09 
which is comprehended between the aftermost parts of the main chains and 
the Ship’s stem, whence it is terminated by the quarter pieces. 

Quarters. The respective stations of the officers and people in time of 
action; hence, quartering signifies distributing the men to different places. 

Quarter Bill. A list of the Ship's company, with their stations in time of 
action noticed therein. 

Quarter Wind. A term applied to the wind when it blows in, abaft the 
main shrouds. 

Raft . A sort of float formed by an assemblage of various planks, or 
pieces of timber, fastened together side by side, so as to be conveyed more 
commodiously to auy short distance, in a harbour or river, thaa if they 
were separate. 

Raft Port. A square hole cut through the stern of a Ship, immediately 
under the counter, to receive planks and other pieces of limber which, on 
account of their length, could not be got into the hold otberways. 

Range of a Cable. A sufficient length of cable drawn upon deck before the 
anchor is cast loose, to admit of its sinking to the bottom without any 
check. 

Ratlines. Small lines which traverse the shrouds of a Ship horizontally 
at regular distances from the deck upwards, and forming a variety of ladders 
whereby to climb or descend from any of the mast-heads. 

Ready about ! A command of the boatswain to the crew; and implies that 
all the hands are to be attentive, and at their station for tacking* 

Reef. A certain portion of a sail comprehended betweeu the top or 
hottom, and a row of eyelet boles generally parallel thereto. The intei*- 
tion of the reef is to reduce the surface of the sail in proportion to the in* 

O o 


Digitized by v^ooQle 



EXPLANATION OF SEA TEEMS. 


ft* 

crease of the wind, for which reason there are several reefs parallel t* 
each other in the superior sails; thus the top-sails of a Ship are generally 
furnished with three or four, and there are always three or four reefs pa¬ 
rallel to the foot or bottom of those main sails and tore sails which are ex¬ 
tended upon booms. 

To Reeve. To pass the end of a rope through any hole, as the channel of 
a block, the cavity of a thimble, cleat, cringle, ring bolt, &c .; hence to 
pull a rope out of a block is called unreeving. 

Ribs of a Ship. A figurative expression for the timbers. 

To Ride. To be held in a particular situation by one or more anchors 
and cables. 

To Ride at Anchor. A term applied to a Ship when she is held by her 
anchors, and is not driven by wind or tide. To ride athwart, is to ride 
with the Ship’s side to the sea. 

To Right theHilm. To bring it into midships after it has been put either 
to starboard or port. 

To Rig. To fit the shrouds, stays, braces, &c. to their respective masts 
and yards. 

Rigging. A general name given to all the ropes employed to support the 
masts, to extend or reduce the sails, or to arrange them to the disposition 
of the wind. 

Road or Road-stcad. A bay or place of anchorage at some distance from 
the shore on the sea coast. 

Robands or Rope-b.mds. Short flat pieces of plaited rope having an eye 
worked at one end; they are used in pairs to tie the upper edges of the 
square sails to their respective yards. 

Round-house. A name given in Kast-Indiamen and other large merchant 
Ships to a cabin or apartment built on the after part of the quarter deck, 
and having the poop for its roof; this apartment is frequently called the 
Coach in Ships of war. Round-house is also a name given on board Ships 
of war, to certain necessaries built near the bead, for the use ef the 
Mates, Midshipmen, and Warrant Officers. 

Rounding. Old ropes wound firmly and closely about that part of the 
cable which lies in the hawse or athwart the stern, &c. it is used to prevent 
the cable from being chafed. 

To Rouse. To pull together upon the cable or ropes, without the assist¬ 
ance of tackles. 

Rudder. The machine by which a Ship is steered. 

Run . The aftermost part of a Ship’s bottom where it grows extremely 
narrow as the floor approaches the stern-post. Run is also the distance 
sailed by a Ship; it is likewise a term used among sailors to imply the 
agreement to work a single passage from one place to another, as, from 
Jamaica to England, Ac. 

Rullocks. The nitohes in a Boat’s side in which the oars are placed when 
employed in rowing. 

Sally Port. A large port in each quarter of a fire Ship, out of which the 
officers and men make their escape into the Boats as soon as the train is 
fired. 

Scraper. An iron machine, having two or three sharp edges, used to 
scrape oft the dirty surface of the planks of a Ship’s side or decks, or to 
clean the top masts, &c, 
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To Scudd. To go right before the wind; in a tempest, going io this direc- 
tion without any sail set, is called spooning. 

Scuttle k A small hatchway, or hole, cut for some particular purpose 
through a Ship's decks, or sides, or through the coverings of her hatch¬ 
ways, and furnished with a lid which firmly encloses it when necessary. 

Scuttling . Cutting large holes through the bottom or sides of a Ship 
either to sink her, or unload her expeditiously when stranded. 

Seizing. The operation of fastening any two ropes, or different parts of 
one rope together, with a small line or cord. 

To Serve. To wind something about a rope to prevent it from chafing. 

Shank. The beam or shaft of an anchor. 

Shank Painter. A short rope and chain which sustains the shank aud 
jlukes of an anchor against the Ship’s side after it has been fished. 

Sheave. The wheel on which the rope works in a block. 

Shear. The longitudinal curve in a Ship’s sides or deck. 

Sheer Hulk. An old Ship of War fitted with an apparatus for fixing or 
taking out the masts of Ships, as occasion may require. 

Sheers. Spars lashed together and raised up fbr the purpose of hoisting 
in and getting out the lower masts of a Ship. 

Sheet. A rope fastened to one or both of the lower corners of a sail, in 
order to extend and retain it in a particular situation. 

When a ship sails with a side wind, the lower corner of the main and 
fore-sails are fastened by a tack and a sheet, the former being to windward, 
and the latter to leeward ; the tack is, however, only disused with a stern- 
wind, whereas the sail is never spread without the assistance of one or both 
of the sheets; the stay-sails and studding-sails have only one tack and one 
sheet each ; the stay-suil tacks are fastened forward, and the shetts drawn 
aft, but the studding-sail tacks, draw the outer corner of the sail to the 
extremity of the boom, while the sheet is employed to extend the inner 
corner. 

To sheet home. To haul home a sheet, or to extend the sail till the clue 
is close to the sheet-block. 

Ship-shape. In a seaman-like manner; as, M That mast is not rigged 
ship-shape,"—“ Put her about ship-shape," &c. 

Shoe of the Anchor. A small block of wood, convex on the back, and hav¬ 
ing a hole sufficiently large to contain the point of the anchor fluke on the 
fore side; it is used to prevent the auebor from tearing the planks on the 
Ship's bow when ascending or descending. 

Shrouds. A range of large ropes, extended from the mast heads to the, 
right and left sides of a Ship, to support the masts and enable them to 
carry sail. 

Skidds. Long compassing pieces of timber, formed to answer the vertical 
curve of the Ship’s side. J hey are notched below so as to fit closely upon 
tbe wales, and extend from the main-wale to the gun-wale, being strongly 
nailed to the side. Their use is to preserve the planks of the Ship’s side 
when any weighty body is hoisted or lowered against it. 

Slip. A place lying with a gradual descent on the banks of a river or 
harbour, convenient for Ship-building. 

To Slip the Cable. To let the cable run quite out when there is not time te 
weigh the anchor. 

To Slue . To turn any cask or package round another way. 

O u 2 
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' To Sound. Td try the depth of the water with the plummet sunk from a 
ship to the bottom. 

* To Splice. To join the two ends of a rope together, or to unite the end of 
% Tope ! to any part thereof by interweaving the strauds in a regular 
manner. 

Split. The state df a sail rent by the violence of the wind. 

Spray. The sprinkling of the sea which is driven from the top of a ware 
In stormy weather. 

Spring. A crack running transversely or obliquely through any part of a 
roast or yard, so as to render it unsafe to carry sail thereon-. 

Spring Tides. The tides at new and full Moon, which flow highest and ebb 
lowest. 

Spring Stays. A smaller sort of stays; they are placed above the larger 
ones, and are intended to answer the purpose of the latter if they should 
be shot away. 

Spun Yam. A small line or cord formed of two, three, or mote rope 
yarns twisted together by a winch; the yarns are usually drawn out of the 
Strands of old cables and knotted together ; it is used for various purposes, 
such as seizing and serving ropes, weaving mats, &c. 

Starboard. The fight side of a Ship when the eye of the spectator is 
turned towards the head. 

Stay. A large strong rope, employed to support the mast on the fore part, 
by extending from its upper end towards the stern of the Ship, as the shrouds 
are extended on each side. 

To stay a Ship. To arrange the sails, and move the rudder so as to bring 
the Ship's head to the direction of the wind in order to get her on the 
Other tack. 

Steady ! The command giveu to the helmsman in a fair wind, to steer 
the Ship in the Hue on which she advances at that instant, without devia- 
* ting to the right or left; to which the Helmsman answers, “ Steady," to 
shew his attention to the order. 

Stem. A circular piece of timber into which the two sides of a Ship are 
iinited at the fore end; the lower end is scarfed to the keel and the bow¬ 
sprit rests on the upper end. 

To stem a tide . To acquire a velocity in sailing against the tide equal to 
the force of the currerit. 

Sftm. The posterior part of a Ship, or that part which is presented to 
the view of a spectator, placed on the continuation of the keel behind. 

Stoppers. Certain short pieces of rope, which are usually knotted at one 
br both ends, according to the purpose for which they are intended. 

Stoppers of the Cable , commonly called deck-stoppers, have a large knot 
and laniard at one end, and are fastened to a ring-bolt in the deck by the 
Other ; they are attached to the cable by the laniard, which is fastened 
securely round both by several turns passed behind the knot, or about the 
neck of -the stopper, by which means the cable is restrained from run* 
ning out of the Ship when she is at anchor. 

Strand. One of the twists or divisions of which a rope is composed, it 
aho implies the sea beach. 

8 ttafni0d. This term, speaking of a cable or rope, signifies that one of its 
strands are broken;—applied to a vessel, it means, that she has ran sgroand 
on the sea shore, and is lodt. 
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7b rfreem fAc Auoy. To let it fall from the Ship's side into the water pre¬ 
vious to casting anchor. 

Stretch out / A term nsed to men in a boat, when they should pull strong. 

To strike. To lower or let down any thing; used emphatically to denote 
the loweriug of colours, in token of surrender, to a victorious enemy. 

Sued or Sewed* When a Ship is on shore, and the water leaves her, ehe 
is said to be sued, if the water leaves her two feet, she sues, or is sued two 
feet. 

7b surge the capstem. To slacken the rope heaved round upon it* 

Swab. A sort of mop formed of a large bunch of rope-yarns, and used to 
clean the deck and cabins of a ship. 

To Sway. To hoist. 

To Tack. To change the course from one board to another, or to turn the 
Ship from the starboard to the larboard tack, or vice versa, in a coutraiy 
wind. This is called going about, and is performed by turning the Ship'* 
head suddenly to the wind, whereby her head-sails being thrown aback, 
they receive the impression of the wind in a new direction, and cause her to 
fall off from the wind to the other tack. 

Taffarel. The uppermost part of a Ship's stern. 

Tarpawlin . A broad piece of canvas well daubed with tar, and used to 
cover the hatches of a Ship at sea to prevent the penetration of the rain or 
sea water, which may at times rush over the decks. 

Tell-tale. A small piece of wood, traversing in a groove across the front of 
the poop deck, and which by communicating with a small barrel on the 
axis of the steering wheel, indicates the situation of the helm. 

. u Thus , very wtU thus." The order to the helmsman to keep the Ship in 
her present direction when sailing close hauled. 

To Tide. To work in or out of a river, harbour, or channel, by favor of 
the tide, and anchoring whenever it becomes adverse. 

Tide-gate or Tide-way. A place where the tide runs strong. 

Tier. A name given to the range of cannon mounted on one side of a 
Ship’s decks. 

Tier qf the Cable. A range of the fakes or windings of a cable which are 
laid within one another in an horizontal position. 

Cable Tier. The space in the midst of a cable when it is coiled ; also the 
place in which it is coiled. 

Tiller. The bar or lever employed to turn the rudder in steering. 

Timbers. The ribs of a Ship. 

Tampion , A circular piece of wood, or bung, used to stop the mouth of 
a cannon to keep the wet out. 

Tort or Taut. Signifies tight. 

To tow. To draw a Ship or boat forward in tbe water by means of a rope 
attached to another vessel or boat, which advances by means of rowing or 
failing. 

Tow-Une. A small hawser generally used to remove a Ship from one pari 
of a harbour to another. 

Trade winds. Certain regular winds blowing within or near the Tropics, 
and are cither periodical or perpetual. 

Transoms. Certain beams or timbers extended across tlte sternpost of a 
Ship to fortify her after-part, and to give it the figure most suitable to the 
service for which she is calculated. 

Traverse. To go backwards and forwards. 
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Trenails or Trunnels. Long wooden pins employed to connect the planks 
of the Ship’s side and bottom to the corresponding timbers, and are justly 
esteemed superior to spike-nails, or bolts, which are liable to rust and 
loosen ; their thickness is usually proportioned to the length of the Ship, 
allowing one inch to every hundred feet. 

To trice or trice vp. To haul up and fasten. 

Trough A name given to the hollow or interval between two high Waves, 
which resemble a broad and deep trench, perpetually fluctuating. A Ship 
rolls heaviest when she is in the trough of the sea. 

Trttck. A round piece of wood put upon the top of flag-staffs, with sheaves 
on each side for the halyards of flags to reeve ih. 

Turning to windward. That operation in sailing wherein a Ship endea¬ 
vours to make a progress against the wind by a compound course inclined 
to the place of her destination ; this is otherwise called plying or beating to 
windward. 

Vane. A small kind of flag worn at each mast head. 

To veer. To let out, as, “ veer away the cable/’ that is, let out the cable; 
it likewise signifies to shift, as, “ the wind veers/’ that is, it shifts or 
changes. See to ware. 

Viol. A large rope used to unmoor or heave up the anchors, by trans¬ 
mitting the effort of the capstern to the cable; it is more generally called 
the messenger. 

lb unbit. To remove the turns of a cable from off the bitts. 

To unrig. To deprive a Ship of her standing and running rigging. 

To unfurl. To cast loose the gasket of a sail. 

To unbend. To cast off the sail from the yard. 

Uvrow. The piece of wood by which the legs of the crowfoot are ex¬ 
tended. 

Waist. That part of a Ship, which is contained between the quarter deck 
and the forecastle. 

Wake. The path or track impressed in the water by a ship passing 
through it, leaving a smoothness in the sea behind. A ship is said to come 
into the wake of another when she follows her in the same track, and is 
chiefly done in bringing ships to, or forming the line of battle. 

To ware or veer. To cause a Ship to change her course from one board to 
another, by turning her stern to the wind, contrary to tacking. 

Warp. A hawser or small cable. 

To warp . To draw a Ship against the wind, &c. by means of anchors and 
hawsers carried out. 

To weather. To sail to windward of some Ship or headland. 

Weather-beaten. Shattered bv a storm. 

Water-line. The line made by the water’s edge when a Ship has her full 
complement of stores in. 

To work to windward. To make a progress against the direction of tht 
wind. 

To would. To bind round with ropes, as, “ the mast is woulded.” 

Yard. A long piece of timber suspended across the masts on which the 
sails are spread. 

Y#m. One of the threads of which the ropes are composed. 
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YOUNG SEA OFFICER. 


QUESTION. How do you find the leap year? 

ANSWER. I divide the given year by 4, and if there be no remainder 
it is leap year ; but if 1, 2, or 3 remain, they shew that it is so many years 
since leap year. 

Q. How do you find the epact for any year ? 

A . By dividing the given year by 19, and multiplying the remainder by 
11 ; the product will be the epact, if it does not exceed 29, but if it does, 

1 divide the product by 30, and the last remainder will be the epact. 

Q. How do you find the c pact, or number, for any monih ? 

A. I divide the number of days contained in the preceding months, reck- 
oning from the beginning of January, by 2$£ ; and the remainder will 
be the number for the month. 

Q. How do you find the moon's age ? 

A. By adding together the epact for the year, the number for the 
month, and the day of the month; the sum will be the moon's age, if it 
does not exceed 30; but if it does, I subtract 30 from it, aud the remainder 
will be the moon's age. 

Q. How do you tind the time of the moon's southing, or passing over 
the meridian ? 

A . I multiply the moon's age by 4, and divide the product by 5; then 
the quotient will be the hours, and ihe product of the remainder multiplied 
by 12, the minutes, past noon, that the moon comes to the meridian. 

Q. How do you find the time of high water at any given place ? 

A. To the time of the moon's southing, I add the time of high water at 
the given place on full and change days; their sum will be the time of 
Jiigh water past noon on the given day : if the sum exceed 12 hours and 
.24 minutes, 1 subtract 12 hours and 24 minutes from it; or if it exceed 
24 hours and 48 minutes, 1 subtract 24 hours and 48 minutes from it; 
and the remainder will be the time of high water in the afternoon of the 
given day. 

Q. How do you find the latitude by a meridian altitude of the bud ? 

A. I correct the observed altitude of the sun’s lower limb, by adding to 
it l6 minutes for tbe semidiameter, and subtracting the dip and refraction 
from the sum; the result will be the true altitude of the center ; this I sub¬ 
tract from 90 degrees, and the remainder will be the true senith distance, 
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which I call north or south, as I bear from the sun. Under the zenith 
distance I set down the sun's declination on the given day, and add them 
together, if they are both of the same name, or take their difference, if of 
contrary names; then the sum or remainder will be the latitude, of the 
same name with the greater. 

Q. .Suppose the zenith distance 30° north, and the declination 20° north, 
what latitude are you in ? 

A . Fifty degrees north. 

Q. The zenith distance is 10 degrees north and declination 15 degrees 
south, what latitude are you in ? 

A . Five degrees south. 

Q. The zenith distance is 15° north and the declination 15° north, what 
is the latitude of the ship ? 

A . The Ship is on the equator. 

Q. The sun is in the zenith, what will be the latitude ? 

A . The same as the declination. 

Q. What do you mean by the variation of the compass ? 

A. The deviation of the points of the mariner's compass from the corres¬ 
ponding points of the horizon. It is termed east or west variation, accord¬ 
ing as the magnetic needle, or north point of the compass, is inclined to the . 
eastward or westward of the true north points of the horizon. 

Q. How do you find the variation of the compass ? 

A. By comparing the sun’s magnetic amplitude or azimuth, with the true 
amplitude or azimuth. 

Q. What do you mean by an amplitude ? 

A . The true amplitude is the number of degrees and minutes that 
the sun rises to the northward or southward of the east or west points of 
the horizon. 

The magnetic amplitude is the number of degrees and minutes that the 
•un rises aud sets to the northward or southward of the east or west points 
ol he comp t$s. 

Q. How do you find the sun's magnetic amplitude ? 

A . By taking the bearing, at rising or setting, with an azimuth compass. 

Q. How do you find the sun's true amplitude ? 

A. I add togeiher the log. secant of the latitude of the Ship, and the log. 
sine of the sun’s declination ; their sum, rejecting 10 from the index, will 
be the log.sine of the true amplitude. 

Q. What do you mean by an azimuth. 

A . The true azimuth of an object is an arch of the horizon contained be¬ 
tween the true meridian, and the azimuth circle passing through the center 
6 f the object. 

The muguetic azimuth is an arch contained between the magnetic meri¬ 
dian and the azimuth circle parsing through th* center of the object; or, 
it is the bearing of the object, by compass, at any time when it is above the 
horizon. 

Q. How do you find the sun’s magnetic azimuth ? 

A . By taking the bearing with an azimuth compass. 

Q. How do you find the 6un r s true azimuth ? 

A . I add together the sun s polar distance, the latitude of the Ship, and 
the altitude of the sun, and take the difference between half the sum and 
the polar distance. Then 1 add together the log. secant of the latitude, 
the log. secant of the altitude, the log. eo-sine of the half sum, and the . 
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log. co-sine of the remainder ; half the sum of these four logarithms Fill 
be the sine of an arch, which doubled, will be the sun's true azimuth, to b4 
reckoned from the south in north latitude, and from the north in south lati- 
tude ; towards the east in the morning, and towards the west in the after¬ 
noon. 

Q. How do you find,the variation of the compass by the amplitudes or 
azimuths ? 

A . It the true and magnetic amplitudes or azimuths be both of the same 
name, I take their ditft rence ; but if they be of contrary names, their sum, 
for the variation ; which will be east, if the true amplitude or azimuth be 
to the right of the magnetic (looking from the center of the compass) or 
west if the true be to the left of the magnetic. 

Q. You have the course and distance made good, how do you find ttift 
difference of latitude and departure ? 

A. By logarithms ; stating thus s As radius, is to distance, so is co-sint 
of the course, to the difference of latitude. 

And, as radius, is to distance, so is sine of the course, to the departure: 

Q. You have the difference of latitude and departure made good in 24 
hours, how do you find the course and distance ? 

A . I say, as the difference of latitude, is to radius, so is the departure, 
to tangent of the course. 

And, as co. sine of the course, is to the difference of latitude, so is radius, 
to the distance. 

Q~ Having the latitude and longitude left, how do you find the latitude 
and longitude in ? 

A The difference of latitude applied to the latitude left, will give the 
latitude in ; then, 1 find the meridional difference of latitude, and say, as 
Co-sine of the course, is to the meridional difference of latitude, so is sine 
of the course, to the difference of longitude ; which added to, or subtracted 
from the longitude left, as the case requires, will give the longitude in. 

The difference of longitude may also be found thus; find the middle 
latitude between the latitude left and latitude in, and say, as co-sine of 
the middle latitude, is to departure, so is radius, to the difference of lon¬ 
gitude. 

Q. You have the latitude and longitude of the ship, and the same of any 
given place ; how do you find the bearing and distance from the ship tolhil 
proposed place. 

A. I say, As the meridional difference of latitude, is to radius, so is th# 
difference of longitude, to the tangent of the course. 

And, as the co-sine of the course, is to the proper difference of latitude^ 
bo is radius, to the distance. 

Q. You are ordered to a ship, lying in dock ; prepare to take her out of 
dock. 

A . I would take on board what kentledge was necessary,’stream-anchor 
and cable, kedge-anchor, hawser, and tow-line, with some spate ropes for 
guys, to keep her fair for the dock-gates ; buoy and buoy-ropes, for streaoa 
and kedge. 

Q. When your ship is out of dock, what is first to be done ? 

A . I would take on board the remainder of the kentledge ; and level the 
bold by laying the kentledge from the fore-part of the forefbatekway to tk4 
after-part of the alter -hatchway. 
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Q. If you are taking in bales, bow would ^ou dunnage, and what part of 
jhe ship most ? 

A. I would dtinuage six inches and mostly about the well, main hatch¬ 
way, the wake of the chains, and floor timbers. 

Q. Suppose you have one foot and a half water in your hold and your 
Ship heels four streaks; what dunnage ought you to have to preserve th# 
cargo ? 

A, Three feet, 

Q. How would you moor your ship at Gravesend ? 

A. I would come-to with my small bower, veer the service into tli£ 
hawse, and then hang my best bower anchor to the long boat, and with the 
tide drop her a-stern ; when the cable is taut, let go the anchor, first letting 
go the shank-rope, to keep the cable more taut. 

Q. How would you hang the anchor to the long boat ? . 

A . Take the buoy-rope over the roller (which is in the middle of the stem 
of the long boat), bring the bight round the main thwart, cockbill the an¬ 
chor, hook the cat to the anchor, and lower away, until the flukes of the 
anchor are clear of the boat’s bottom, then make fast the buoy-rope, have 
a shank-rope through the ring, (which is at the boat’s stern-post) pass it 
round the shank of the anchor, make it fast to the after-thwart, lower away 
and unhook the cat, then veer away the cable; I would be careful to heavef 
the buoy over-board before I let go the anchor. 

Q. How do you moor in the Downs? 

4 A . With my best bower to the S. W. I would veer away with the last 

quarter flood, and moor with the small bower to the N. E. 

Q. Mow would you unmooi in the Downs with the wind at North ? 

A . 1 would splice my stream cable to my small bower, and veer away at 
half ebb, that I might have time to stow my best bower, and shorten iu my 
small bower cable, before the Ship tends to windward. 

Q. Proceed to unmoor Ship as it is done in the navy. 

A, I would send for the master to see that the hawse is clear, turn all hands 
up to unindor Ship, lay the capstan bars for shipping, call the mate to see 
the messenger passed for the bast bower, rig the davit out, because it will 
take it up the first quarter flood, get the cat and fish to pass for the best 
bower, stretch along the fish tackle ; quarter masters down in the tier, and 
stand by to veer away the small bower cable ; ship the capstan bars, pin 
and swift them; clap on the stoppers before the bitts, and bring to the 
fnessenger. At the same time unbit the best bower, rowse aft the slack of 
the cable ; heave taut, take off the stoppers, hold on the messenger, and 
^ieave away ; veer away the small bower cable; clap on the nippers : Thick 
and dry for weighing, heave cheerly; the anchor’s away, keep fast the 
small bower cable; quarter master take hold of the helm ; look out for the 
anchor; the anchor is in sight; heave and pawl the capstan; hook the cat; 
haul taut, and take a turn; surge the messenger round the capstan ; take off 
the nippers; out cable ; cable enough; haul cat; belay thecatfall; pass 
the stoppers; hook the fish ; try fish by hand; haul away the fish; belay 
the fish tackle fall; pass the shank painter; bowse to the stock tackle ; be¬ 
lay the shank painter ; make fast the stopper and stock lashing ; come up 
cat and fish ; unhook both, haul the buoy in; then shift the messenger for 
the small bower and bring to, clap on the stoppers before the bitts and unbit 
the cable ; rowse aft the slack of the cable ; man the capstan ; hold on the 
a^Asenger; forecastle-meu rig out the davit for the small bower; when the 
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anchor is a peak, send the top men to loose the sails; man the yards ; 
stretch along the topsail sheets; let go the topsail; reef tackles, bunt- 
lines and clue-lines; foot the sails out of the top ; haul home the topsail 
sheets; stretch along the topsail halyards and man them; quarter-master 
and boatswain’s mates attend to the braces; hoist away the top-sails; belay 
the halyards; trim the sails; heave up the anchor; slow it .as before, and 
haul the buoy in. 

Q. How would you unmoor in the Downs with the wind S.E. or S. ? 

A. Veer on the best bower cable, and take the small bower-anchor up 
first; and proceed as before, then to heave in to the short service 6n the 
best bower, &c. If the anchor has great hold and afraid of standing the 
messenger, clear away the maiu capstan and lash a block, or purchase 
blocks, on the cable, and one to the main-mast, or one to the two ports 
abreast of the main mast; reeve a hawser through them, and heave on 
both capstans together. 

Q. How do you cast a Ship, when intending to get under tveigh ? 

A. If I am to cast her to starboard, I would haul in my larboard braces 
forward, and let my after-yards lav square; I may hoist the fore top-mast 
stay-sail, and keep the sheet to windward to help her; if I am to cast her 
to port, 1 would haul in the contrary braces, when cast, fill the bead-sails, 
and brace up as circumstances require. N.B, If a Ship is wind-rode, as 
soon as the anchor is right up aud down, put the helm the way you would 
have her cast, setting in the same braces abaft, and the contrary fdrward : 
but if she is tide-rode, the helm must be put the contrary way to which you 
would have her cast, and set in the braces forward ; which ever way the 
helm is, the braces abaft must be the contrary. 

Q. Suppose you are close upon a wind, in moderate weather, with all 
your sails set, how will you tack the Ship ? 

A . I would hand down the lee bow-lines, stretch along the weather- 
braces, the weather sheets and lee tacks ; then put the helm a-lee, li t go 
the fore sheet, lee fore top-sail, brace and fore*top-bow-line, jib and stay¬ 
sail sheets; and haul them taut. When the fore-top-sail touches, brace 
to and help her; when aback, brace up and help her; when the wind is 
out of the after sails, raise tacks and sheets; shift the stay-sail tacks, and 
haul over the stay-sail sheets ; cant sprit-sail yard, when the wind is rather 
\ a point on the bow, if sure of coming about, haul the main sail. N.B. 
One watch of the top-men on the quarter-deck, and fore-castle, to set up 
the weather-breast-batk-siays. If she bus stern way, shift the helm and 
square the sprit-sail-yard; haul on board the main tack and aft the main 
sheet. Brace up the main yard when the after sails are full; haul off all; 
and haul on board the fore tack; keep in the weather-braces forward, and 
let her come to, then brace up; haul aft the fore sheet, jib and stay-sail 
sheets; set the back-stays when head to the wind up, and haul the bow¬ 
lines ; then haul taut the weather-braces, lee-tacks, and weather-sheets; 
have the braces let go at once; when the word is given to haul main-sail, 
(all the hands on the braces should keep hauling taut in for the run,) the 
yards will swing of themselves. 

Q. How would you tack a Ship under her three top-sails I 

A. I would put the helm a-lee, ease off the fore-top sail brace, keep 
fast the fore top bow-line; when the fore-top-sail touches, brace to and 
help her; when the wind is a-bead, haul the mum top sail aud shift the 
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helm: then brace up the main yard, and haul the main-top bow-line 5 whe* 
the after-sails are full, let go and haul; keep in the weather-braces for¬ 
ward, and when she comes to brace sharp up, haul the main and fore-top 
bow-lines, and haul taut the weather-braces. 

Q. How do you veer, or wear a Ship with all her sails set ? 

A . I would haul the mizen up, and the mizen-stay sail down, or tail it 
up, hard a weather the helm, shiver the mizen top-sail, let go the main and 
main-top bow-lines, ease otf the main sheet, the lee main brace, and round 
m the weather-brace. When the wind is abaft the beam, raise the main- 
tack ; when the wind is aft, square the head yards, and get the other tack* 
on board; haul aft the sheets, shift the jib and stay-sail sheets over the 
Stays, and as she comes to, haul the mizen out; hoist the mi?en stav-sail, 
and haul aft the sheet; brace the head yards up, haul the bow-liues, and 
trim all sharp. Jf a fresh wind, and should be proper to shorten sail, in 
iop-gallant- sails, down jib and stay-sails, take one or two reefs iu the topr 
sails. 

Q. It blows hard, would have you proceed to close reef the top sails ? 

A. I would let run the halyards, and haul the yards close down by thfc 
clue-lines and dowm-haul tackles; if the wind is large, man the clue-lines 
and bunt-lines, let go the sheets, and clue them close up ; haul in the wea¬ 
ther-brace, and spill the sail as much as possible; then haul out the reef 
tackles, s* nd men up and haul out the weather earing fust, then the lee 
one, and reef away, hauling the other reefs up before the yard : if the 
Ship is upon a wind whtu the top-sail yard is down, let go the bow-line. 
It is mostly the way to man the clue-lint s and the bunt-lines, to ease ofi'the 
lee-sheet and clue it up; then man the weather-brace. It t go the h e-brace, 
ease off the weather-sheet and clue it up; hauling in the weathei-brace and 
bunt-lines at the same time; when the sail is spilled, haul out the reef- 
tackles, and reef as before. But to keep the sail Irom splitting or shaking, 
(especially if if be wet) it is the best way to man the clue-lines, bunt-lines, 
and weather-brace, let go the lee-brace, ease olf the weather sheei, hauling 
up the clue-line, and in with the weather-brace at tin 1 same time; when iu 
enough, ease off the lee-sheet, clue up, Sac. N.B. To set a top-sail on a 
wind when it blows strong, always haul the lee-sheet home first, then the 
weather one, Sac. Sc c. as before. 

Q. It blows harder, you must take in your top-sails ? 

A. I would take in tiie fore and mizen top-sails fust, because it will ease 
the Ship forward, (for when it blows hard we generally have a head sea, 
anvl she keeps to the better) let go the fore-top bow-liues, lower away Ui* 
halyards, mau the clue lines and bunt-lines, clue close up, and haul out 
the reel-tackles, haul in the weather-brace, steady the lee-brace, haul taut 
the top-sail halyards; send the people up to hand the sail, and when up, 
before they go on the yard. I’ll clap the rolling tackle on to steady her, (all 
the top-sails should be tak» n in the same way) after that, if squally, take 
in the main top sail, and then the Ship is under her courses. 

’ Q. How would you veer a Ship under her courses? 

A . 1 would haul the mizen and main-sail up, and down with the mizen- 
stay-sail, square the after yards, hard a weather the helm, man the weather 
fore-brace, and ease oft' the lee-brace and fore bow-line ; ease oft* the fore- 
tack, and stand by fo haul on board the other : keep her large if room, until 
I get the tack on board and belay it; theif luff up to the w ind, haul aft the 
fore-sheet and brace up the fore* yard, set the after sails, aboard main Uck, 
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*ft the main sheet, brace all up, and haul the bow-lines ; when my sailt 
are trimmed, shift the rolling tackles on the top-s.ul yards. 

Q., Suppose you are lving-to iu a hard uale of wind, under a reef main* 
sail, you want the ship’s head on the other tack; how will you veer iu * 
great sea ? 

A . I will watch her falling off, and put the helm a-weather, when she 
dors, ease off the main-sheet; if that will not do, i’ll man the fore shrouds, i 
and get tarpaulins and hammocks or spare canvas up, and spread it: If 
that will not do, 1 will haul aft the main-sheet, and put the helm a-lee, then 
send hands out to the sprit-sail yard with hammocks and gaskets to stop thd 
sprit-sail (called balancing) within the lee clue-line ; block and loose the 
lee yard-arm, then haul att the sheet, clap the helm hard a-weathcr, eas* 
off the main sheet, round in the weather brace, gather aft the other sheets 
haul the mam tack on board ; when she is before the wiud, square tho 
aprit-sail yard, clue the sail np and furl it; ease the helm down a-lee, brae* 
the yards up, haul the main sheet aft, bowse the bow-line up, la4h the hell* 
three parts a-lee, and she will lav to as before. 

Q. Suppose she will not veer after all you have done? 

A . I wiii loose the goose wings of the fore-sail; if that will not do, set 
the foresail and veer her as under courses, or haul the*main-sail up ; if by 
hauling the main-sail up and furling it she does not veer, lower down this 
mizen-} ard ; if that will not do, lower down the cross jack yard and mizeiH 
top-mast; if that will not do, cut away the mizen mast. 

Q. It blows hard, and you split your topsail ? 

A. I would lei go the bow-line, haul in the weather-brace, and lower 
away the halyards, clue up the lee sheet, haul up the bunt-lines, start the 
weather sheet; belay the clue-lines and bunt-lines, unbend the sail, and 
bend another ; then either furl or set it, as circumstances require. 

Q. You are lying-to in a hard gale of wind, and split your main-sail ? 

A, l will haul it up carefully, unbend the sail* and bend another, get on 
board the main-tack, and haul aft the sheet; when the sail is set, get a 
tackle on the weather-leach to secure the tack, and a preventer sheet; but 
in small ships they get the lee tack aft for a preventer sheet. 

Q. Suppose you are on a wind, and let the ship come up in the wind, and 
are all aback, what will you do ? 

A, I will box her ort, and suppose she wilhnot box off, I will haul the 
mizen up, let go the main and main top bow-lines, the lfce-main and main* 
top-sail braces, and lay all square aba it, put the helm to leeward, if she 
has stern-way, when the wind is abaft the beam shift the helm : and, as she 
gets head-way, haul in a little of the after-braces, haul the mizen out, brace 
up sharp abaft and haul the bow lines; and then i am on ilie same tack as 
before. 

Q. Suppose you are on a wind, close upon the land, and standing on 
must run on shore, and you c an dear the land on the other tack ; but it 
blows hard and a head swell, that she. will not stay ; and should you veer 
you would be on shore?, how would you get upon the other tack ? 

A. 1 would club-haul her ; this is done by putting the helm a-lee, and let¬ 
ting go the lee-anchor, and bringing her head up to wind ; then cut th* cable 
andfhaul about the after-sails; and when they are full, brace about the head 4 
fails, haul on board the fore-tack, and brace up the other way. 
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Q. If by accident your Ship is brought by the lee, what would you do f 

A . Y\ l hen a Ship is brought by the lee, it is commonly occasioned by a 
large 3ea, and by the neglect of the helm’s-man. YVhen the wind is two or 
three points on the quarter, the Ship taking a lurch, brings the wind on the 
other side, and lays the sails all dead to the mast; as the yards are braced 
wp, she then having little way, and the helm being of little service. I 
would therefore brace about the head-sails the other way, and keep the 
main’top-sail shivering; when she gathers way, and brings the wind aft 
•gain, raise the fore-tack and square the head-sails; trim the sails as they 
were before, and bring her to her course again. 

N. B. It is dangerous to bring a ship by the lee iu a gale of wind, for 
•be lying entirely against the sea, her sails can be of little service till they are 
graced about. 

Q. Suppose you are on a lee shore, and had neither room to veer or stay, 
•or any anchoring ground, how would you put the ship's head round the 
•ther way ? 

A . 1 would put my helm hard a-lee ; when she comes head to wind, raise 
the fore and main tacks directly, make a run with my weather braces and 
Jay all aback at once, then haul forwards my lee-tacks and bow-lines as far 
as 1 can, that the Ship may fall round on her heel, and when the main-sail 
begins to shiver, 1 would haul it up, fill mv head sails, and shift the helm 
bard a weather : when the wind comes on the other quarter, haul on board 
the main tack, and bring her close to the wind. 

Q. Suppose you are on a lee-shore, and could clear the danger on the 
pther tack, all hough not room to veer and a sea on, 6he will not stay, and 
you had good anchoring ground, what would \ou do > 

A. YVhen I saw the danger, 1 would take a good hawser and lead it out 
©f one of the quarter-ports, and bend it to the anchor to leeward; the 
other part I would bring to the capstan, ship the bars, and when 1 clap 
the helm a-lee, and as soon as the wind is out of the main-sail, haul it up, 
let go the anchor, and heave on the spring to cast her, because the cable 
should not check her. YVhen she comes head to wind, brace about the 
main-yard, haul on board the tack, and cut away the cable and spring ; 
when the main-sail fills, set the fore-sail, haul on board the tack, and trim 
her to the wind. 

Q. Suppose it blows bard, you cannot carry your courses, night coming 
©n, and it is likely to blow harder, wluit will you do ? 

A . 1 will haul the fore-sail up and furl it, balance the mizen, haul it out 
to keep her to, then haul up the weather main clue-garnet and bunt-line, 
then the lee-clue-garnet-bunt-linfs and leach-lmes, square the yards, and 
get strops round the mast above ihe booms to hook the yard tackles to for 
rolling tackles, then reef the sail; when reefed, haul on board the tack, get 
aft the sheet handsomely, tend the braces, bowse up the bow-line, and haul 
lip the mizen. 

Q. Suppose you are turning over the Flats with your top-sails and fore¬ 
sail, you endeavour to put about, but 6lie will not stay, there is a sand 
a-head, within a cable’s length of you, what will you do ? 

A. I will heave all aback, and When she has stern-way shift the helm; 
when she has paid well off, brace about the head-sails and shiver the after¬ 
tails ; then she will veer round and stand ofl'. 
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Q. You are in a gale of wind, and splir your fore-course, what vill yo« 
do? 

A. I’ll man the weather fore clue-garnet, bunt-lines and leach-lines, east 
off the fore-tack, and when clued up, man the lee-clue-garnet and haul it 
close up; then let go the lee-brace, haul taut the lifts and braces, sendi 
hands to unbend the sail ; when another is bent, and I want to set it, I 
will haul on board the fore-tack, ami haul alt the fore-sheet, brace the yard 
lip and haul the bow-line. 

Q. It blows hard, and you want to reef your courses, how would you 
proceed. 

A . As above : only that when clued-up I would reef instead of un¬ 
bend. 

Q. Suppose you are in chase of an enemy's ship of war, upon a wind, 
with all your sails set; she is right a-head, on which side will you engage 
her ? 

A I will engage her to leeward, by reason she cannot put away before 
the wind, and if there is any thing of a sea, she may not be able to fight 
her lower tier of guns. If light breezes and hot weather, it would be bet¬ 
ter to engage to windward, to let them receive the smoke and heat of the 
fire. 

Q. You are chasing from the wind, and carry away your main-top mast, 
how will you proceed ? 

A . I would haul up the main-sail, and send hands up into the top with i 
rope or hawser, to clap on that part of the ma 3 t that hangs down, then cut 
the lanyards of the maintop-mast shrouds, and lower way, cast off the haw¬ 
ser, reeve it to send the stump down, clear away the rigging, unsling tho 
main-yard, get the foretackle on it and bowse aud forward the yard; then 
lower the stump upon deck, and get the spare top-mast ready for the cross- 
trees; clap the hawser on, and sway it up high enough for the rigging. 

Q. You are lying to in a hard gale of wind under your main cuuise, you 
carry away your main-mast, how will you proceed to clear the wr^ck ? 

A. 1 will clap my helm a-weatber, brace my fore and fore-top sail yards 
full, then call all hands to get pole-axes, &c. to clear away the rigging. 

Q. Why will you put the Ship before the wind ? 

A . Because the mast will go a-stern clear of the rudder, and prevent its 
damaging the Ship. 

Q. Suppose you were to carry away your bowsprit, what would you do f 

A . 1 would immediately veer Ship, and keep her before the wind ; and 
then, for the security of the fore-mast, I would carry forward the fore-run- 
tiers and tackles, and bowse them well taut, till I can get a hawser or suf¬ 
ficient rope, and clinch it round the mast-head, and secure it to the bits of 
the fore-cattle or the cat-heads; then take the best spar 1 have and make * 
jury bowsprit of it. 

Q. Having a fair wind, how will you set your fore-top-mast studding sail 
on the larboard side ? 

A . First haul taut the truss tackles, and bowse the fore-yard close to ; 
then haul taut the larboard fore-lift, and starboard fore-topsail clue-line; 
on board his Majesty’s Ships the top burtons are on the top-sail yards to 
keep them square when studding-sails are set, (the top-sails, lifts, and clue* 
lines not thought of) the fore-top men down on the fore-yard, aud rig out 
the larboard studding-sail boom, first sending down the studding-sail tack 
And outer halyards up to the fore-topsail larboard yard-arm; and reef tli* 
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halyards, send them down and bend them ; the tack being bent and all 
ready, man the halyards and hoist away, haul out the tack, &c< If the 
wind is on the beam or quartering, set it abaft the topsail; if right aft, be¬ 
fore the topsail, (which is done by a man standing oh the fore-yard-arm* 
with the leach of the studding-sail in his hands.) 

Q. Suppose you are in an engageunent, and your main-top-mast stay is 
•hot away, bow will vou secure your mast ? 

A . I will send my shifting back-stay forward by the main-top-mast stay¬ 
sail halyards, and reeve it through a block abaft the fore mast-head, bowse 
it taut, and that will secure the mast. 

Q. Your Ship comes-to against her helm, what will you do ? 

A. I will haul my mizen up, and shiver the after-sails. 

Q. She comes-to yet, if she slays she will be onboard some other Ship ? 

A . I’ll let go the lee-fore and foie topsail braces, raise the fore-tack and 
let go the how-lines, haul in the weather-braces, and box her off. 

Q. How do you splice your cables ? \ 

A . I will put the whole strands of the best or small bower cables twice 
each way, and point each strand with a tail of three fathoms each; then 
seize them with quarter and end seizing to make them lie sung, which is the 
readiest way for clearing the hawse. They being soon spliced and unspliced 
when pointed. 

. Q. Ilow would you mark the lead-liue ? 

' A. Black leather at 2 and 3 fathoms, white at 5, red at 7> black at 10, 
white at 13, (some seamen use black at 10 and 13) white at 15 as at 5, red 
at 17 as at 7» two knots at 20 fathoms, and so on, an additional knot at 
every 10 fathoms, with a single knot between each 10 fathoms, to mark the 
line at every 5 fathoms. 

Q. You are sent down in the dark for a topsail, how do you know a main¬ 
sail from a fore-saii, or a main-top-sail from a fore-top-sail ? 

A. If it has three bow-line cringles it is a main-sail; if it has but two, it 
is a fore-sail; if it is marled abalt the foot rope, it is a main-sail, if before 
it is a fore-sail; if a main-topsail, it has four bow-line cringles, if a fore¬ 
topsail, but three: all topsails are marled to the rope, because the foot 
roj>e is served. 

Q. The sheers are along side, how do you get them in ? 

A. Par-buckle them in with their heads aft on the poop, and get the fore 
and main runners on them for guys; lash on two four-fold blocks, reeve the 
masting-falls, get girt-Iines on the head of the sheers to steady the mast¬ 
head, put heel lashings on the sheers, with good oak planks under them* 
to transport them forward on; lash one of the four-fold blocks forward to 
the stem, and bring the fall to the capstan ; heave the sheers high enough i 
when done, I ll take forward two runners and tackles to assist the sheers, 
take the mizen-mast first in, then raise the sheers erect, take in the maiu- 
mast, bowse the heels of the sheers forward, and keep them upright to take 
in the fore-mast. 

Q. How do you rig a lower-mast ? 

A. I will lash on the girt-line-blocks, put on the bolsters, parcel and tar 
them, put over the runner aud tackle-pendants, then the foremost of tli* 
starboard-shrouds, then the larboard, and so on; then the stay and spring 
stay, seize in the dead eyes for the shrouds, and the harts for the stay, 
reeve the lanyards, set up the rigging, get the top over head, and bolt it, 
rattle dew* the shrouds, aud seize ou the cat-harpin-legs, hook the fultock 
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shrouds and hitch them, seize down the ends, lash the hanging jeer-blocks 
under the top, with the strops under the stays, lead up and lash to the mast¬ 
head, get the cap into the top for the heaa of the top-mast, and lash the 
blocks on for the main-lifts. 

Q. IIow do you get a top and cap over ? 

A, Make fast a girt-line-block on each side of the mast-head, reeve the 
girt-lines, and pass them under the top, and make them fast to the after¬ 
part ortfrie top, stop them to the bolt holes in the middle and fore-part of 
the top, then sway away : when high enough, cut the upper stops, having 
a guy on the after part of the top-brim, and the top will fall over the mast¬ 
head ; then lower away, and put it in its birth, haul upon the guy and bolt 
it, lay the cap steady over the trussel-trees for the top-mast-head, to 
receive it; when the top-mast-head is through it, lash the cap to the top¬ 
mast-head^ sway away the top-mast till high enough, then place the cap 
•n, the mast-head, and drive it down. 

Q. How do you rig a main-top-mast ? ** 

A . 1 will tar the mast-head, ge\ the cross-trees over, fix the bolsters, and 
parcel them; put over the burton-pendants, then the shrouds, breast-back¬ 
stay, proper and spring-stay, and cap; sway up the mast and fid it, seize in 
the dead-eyes, stay the mast, set up the shrouds, rattle them down, lash 
the bollock-blocks to.the mast-head. 

Q. How do you rig a top-gallant-mast ? 

A. I will send down the top-rope, reeve it through the sbeeve-hole, and 
make it fast round the hounds of the mast and standing part of the rope, 
leaving enough end to make fast to the cap, which done, sway away; when 
the head is through the cap, make fast the spare end or standing part of 
the top-rope to the cap, cut the seizing, clap on the grommet, then the 
shrouds, back-stays and stay; sway up the mast, fid it, and set the rigging 
up. 

Q. How do you rig a bowsprit ? 

A . 1 will lash on the collar for the fore-stay, the bob-stays, and bowsprit 
shrouds, then the collar for the spring-stays, then the block for ihe top-mast 
stay, fix the man-rope, gammon the bowsprit, and set bob-stays and 
shrouds up. 

Q. How do you rig a jib-boom ? 

A. I will put over the jib-traveller, horses, and guys, the top-gallant stay-, 
block, and lash on the blocks for the top-gallant-bowlinec, and jib-dowr- 
liaul-block to the traveller. 

Q. How do you rig a lower yard ? 

A . 1 will get the yard athwart the gunwales, lash the jeers, quarter clue- 
rnets,bunt-lines, leach-lines, and slab-line blocks, then put over the yard¬ 
arms, the horses, brace-pendants, the yard tackle pendants, then the topsail- 
sheet and lift blocks, reeve the jeers, braces, lifts, and y&rd-tackle falls, 
trqss pairels, sway the yard up, and haul all taut. 

Q. How do you rig a fore-topsail-yard ? 

A. I will reeve a hawser for a top-rope, through the bollock-block, and 
tend it down; and, having put over the horses, make the top-rope fast to 
the middle of the yard, stopping it to the yard-arm; sway it up above the 
top, put over the brace-pendants and lift blocks, reeve the lifts and braces, 
cut the yard-arm seizing, and cross the yard ; lash the tye, bunt-line,, and 
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clue-line blocks, reeve the tye and halyards, sway it up above the cap, and 
parrel it ; then reeve the clue-lines, built-lines, and reef-tackles. 

Q. How do you rig a lop-gallant yard ? 

A . I will seize the clue-line-blocks on, put the horses over the yard-arms, 
sway it up on the cap, and rig the yard-arms, by putting on the brace-pea- 
dantsand lifts, then cross the yard and parrel it. 

Q. You have lost your rudder at sea, what method will you take to steer 
the Ship? 

A . 1 will take a large spar, or part of a top-mast, and cut it flat in the 
form of a stern-post, bore holes at proper distances in that part which is 
to be the fore part of the preventer, or additional 3tern-post, then take the- 
thickest plank 1 have on board, and make it as near a* 1 can iuto the form 
of a rudder ; bore holes at proper distances in the fore part of it, and in the 
after part of the pieventer stern-post to correspond with each other; and 
reeve rope grommets through holes in the rudder and after part of tbo 
stern-post for the rudder to pray upon. ^ 

Through the preventer stern-post re£vc guys, and at the fore part of 
them fix tackles, and then put the machine over-board ; when I get it in 
proper position, or in a line with the Ship’s stern-post, lash the upper part 
of the preventer post to the upper part of the Ship's stern-post, then hook 
tackles at or near the main-chains, and bowse taut on the guys to confine it 
to the lower part of the preventer stern-post;—having holes bored through 
the preventer and proper stern-post, 1 will run an iron bolt through both, 
taking care not to touch the rudder, which will prevent the false stein-post 
from rising up or falling down. 

the guys on the after part of the rudder, and tackles fixed to them, 

1 may steer the Ship. I must take care to bowse taut the tackles on the 
preventer stern-post to keep it close to the proper stern-post. 

Q. Your Ship is leaky, you cannot keep her free by the pumps, what will 
you do ? 

A . I will take a spare topsail, or some other sail, and spread it upon the 
deck, cover it all over with oakum, and bind it to the sail Vith a »x*edle 
and twine in several places, to keep it fast to the sail^s then take a hawser 
and cut it iuto proper lengths to go under the Ship’s bottom, and come iu 
over the gunnel ; put these hawsers about four feet distant under the sail, 
and make them fast with their middle to the middle of the sails, each leach 
beginning at^the head and leaving off at the clues :—Then put the sail over 
board, keeping the oakum side to the Ship's bottom, and haul up the ends 
of the hawsers on the other side by a hauling line which 1 have swept the 
Ship with, numbering eac h end fore and aft; then ease away on the hawser’s 
ends on that side 1 have put the sail over, and keep hauling at the same 
tape on the hawser’s ends on the opposite side when the sail is properly 
down, which is known by marking the hawser; I will then clap on tackles 
and bowse all taut, keeping the sail close to the Ship’s bottom ; the 
oakum will then be drawn in, and stop the leak. The sail may be covered 
with horse dung, or any filth 1 have on board, which will be drawn in and 
stop the leak. 

Your anchors are along-side ; how would you get them in ? 

A. if my sheet anchors uppermost, I wpuld oveibaul my fore and mam 
tackles, have a good pair of gun, or anchor slings, and clap it on about the 
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crown of tbe anchor, passing the end to the inner bill, and sieze it well with 
$ good bill lashing, then hook on the m&in^ tackle ; clap another pair of 
sUo& on the shank of the anchor, close to the stock, and hook on the fore 
tackle, having at the same time a good loof tackle from forward, on to the 
ring of the anchor, to keep it from going too far aft, and another from the 
upper part of the stock, hooked on in board, abreast of the anchor ; when 
all is ready, hoist away the fore and main tackles, being careful to keep a 
shoe between the fluke of the anchor and the ship's side; and occasionally 
bousing-to the stock tackle untithigh enough ; then secure it well with the 
stopper and shank painter; when done, drop the craft under the bows and 
hoist the others up to the Cat-heads. 

Q. How do you coil your cables ? 

The same way they are bitted, or passed round the windlass; that is, 
the best bower against the Sun, and the small bower with the Sun ; sup¬ 
posing the best bower to be on the larboard side, and the small bower on 
the starboard. - 

Q. Coming into soundings froqi a long voyage, how would you prepare 
for going into port and anchoring ? 

A. Lwould order the cables to be bent thus; get their ends up, reeve, ha*se, 
and ring ropes to haul them out, the fore-castle men to clinch them, and 
quarter-master to clap tbe bends on ; reeve the runners and tackles, unstow 
the anchors, bend the buoy and bou^-ropes, single the stoppers aud shank 
painters, bit the bower-cables with a long range, have the dog-stoppers to 
pass, see the tiers clear, have hand-leads and lines in the chains, send down 
the top-ropes, reeve the top-tackle-falls, unsling the lower yards j when the 
cables are bent, &c. clap the hawse bucklers on. 

Q. Suppose the wind northerly, and you are in a Ship's hawse in the 
Downs, what would you do ? 

A . I would wait until the Ship tends to windward, and heave up my an¬ 
chor as she is tending. 

Q. You are at anchor in the Downs with the wind S. W. and are ordered 
for Spithead? at what time of the tide would you unmoor ? 

A. At h3(f-flood, in order to be ready to weigh at high water; and I would 
cSst her head in. shoi£, as I should then have more of the ebb-tide in my 
favour. 

Q. You are coming into the Downs with the wind from the westward, 
and it blows hard; which way would you lay your Ship’s bead? 

A . I would come-to with the Ship’s bead to the eastward, if I intended to 
let go my best bower, but if the small bower, to the westward, in order to 
keep my cables clear of the cut-water. 

Q. You are moored at Spithead, and ordered to sail to the westward;, 
what time of the tide would you unmoor ? 

£ A . At the beginning of the flood, taking up my small bower first 

Q. How would you moor at Spithead ? 

A. With my best bower to the S. E. and small bower to tbe N. W. 

Q. The wind is at S. W., it blows hard, you part all your cables in 
the Downs ; what would you do ? 

A. 1 would cut away the ends of the cables from the bows, hoist the 
fore-stay sail and wear Ship as soon as possible ; when done, 1 would bring 
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the South Foreland light to bear S.W.byS. and steer through the Gull 
Stream N.E.byN. keeping no nearer to the brake than 7 fathoms, nor td 
the Goodwin than 11 fathoms ; and when the North Foreland light tiears 
W.N.W. I would steer out E.S.E. and heave-to in 18, 19 , or 20 fathoms. 

Q. What are the dangers off the Start ? 

A . The Skerrie Rocks ; they lie three miles off, due east, witli only nine 
feet water on them. 

Q. How do you clear the south side of them f 

A . By keeping the Bolt Head open of PrSul Point. 

Q. What is the leading mark into Portland Roads, in order to clear the 
east end of the Shambles ? 

A . Wyke Church open of the north east point of Portland. 

Q. What are the marks for anchoring in Portland Roads ? 

A . Portland Castle S.S.W.—The north east point of Portland S.S.E.; and 
Weymouth Castle N.|W. in 6 or 7 fathoms. 

Q. Coming from the westward, in what latitude would you endeavour to 
make the channel ? 

A. In latitude 49° 25' N. because# ! come to the northward of that 
latitude, I should get to the northwarrTof Sciliy, in consequence of the in¬ 
draft into St. George’s Channel, which is to be met with full 15 leagues to 
the southward and westward of Sciliy; the tide running 9 hours to the 
northward and only 3 to the southward. 

Q. In thick weather how would you know when you are to the northward 
of Sciliy ? 

A. By having from 45 to 50 fathoms oozy bottom. 

Q. What variation is there at the entrance of the British Channel ? 

A. Two points and a half westerly. 

Q. What soundings do you get in the fair way of the Channel ? 

A % White sand, small yellow stones with black specks, and broken shells. 

Q. What is the Channel Course ? 

A . East and by South, and West and by North. 

Q. How do you know when you are on the French Coast % Jthick wea¬ 
ther. ** 

A. By having deep water, with large stones and red sand. ** 

Q. What buoys are there in the Downs ? 

' A. One on the Gull, white ; one on the Elbow, white ; one on the north 
Brake Head,yed; one on the south Brake Head, black; and one on the 
Fork, chequered black and white. 

‘ Q. What is the mark for being clear of the South Sand Head ? 

A. Upper Deal Mill on with a large sand hill, which stands to the south* 
ward of Walme r Castle. 

Q. Suppose it is in the night ? 

A. 1 would bring the two lights on the south Foreland in one, bearing* 
W.JN. 

Q. What: is the best mark for large ships to anchor in the Downs ? 

A . Upper Deal Mill and Deal Oistle in one, in 9 or 10 fathoms. 

Q. In proceeding from the Downs to Spithead, what are the dangers ? 

' A. The South Sand'Head, thr Varne, Ridge, 1 Roar, Stephenson’s Shoal, 
Ilo!>*c of Willingdon, Royal Sovereign, East Barrow Head, Owers, Horse, 
and Dean. 
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Q. What lights are there on the Coast of England ? 

A . On the Galloper 2 *, dad above the other, a floating light.—North Fore* 
land!.—North Sand Head S in a triangular form ; this is a floating light. 
—South Foreland 2, bearing W.JN.—Dungeness 1 .—On the South East End 
of the Owers, 1 floating light—Hurst Castle 1 .—Needles Point 1 .—Bill 
of Portland 2 , bearing N.N.W.J West.—Eddystone 1 .—Lizard Point 2 , 
bearing East and West.—Long Ships 1 .—St. Agnes, on Scilly Island 1; it re¬ 
volves, in order to distinguish it from the Long Ships. 

Q. What lights are thereon the Coast of France ? 

A. Usha^fi.—Casketts 3, in a triangular form.—Cape Frebfcl 1 .— 
Granville 1 .—Cape Barfleur 1 .—Cape La Heve 2 , bearing ^N.N.E.—Cape 
Lailly 1 —Dieppe 1 .—St. Valery 1 . 

Q. What is the variation in the Downs ? 

A . Two Points and a quarter westerly. 

Q. How would you anchor in Torbay ? 

* A . Bring the Berry Head to bear South; and Brixbam Church on with 
the Pier Head, in 6 or 7 fathoms. 

Q. How near would you stand i re tp, and off from, the principal Head¬ 
lands in the Channel. 


Into Off 

A. Scilly.. - 65 fathoms. 69 fathoms. 

Lizard •••••••• 45 - 58 - 

Eddystone•••••• 42 - 51 - 

Stan.-.32 47 - 

Portland ••••••30 36 - ■ 

Dunnose ••••••25 - 35 - . 

Owers •••••••*22 - 30 - - ■■ — 


Beachy Head ••18 ■■ — 1 ■■ 28 - 

Dungeness ••••12 - 20 ■ ■— 

South Foreland* • 10 ' 18 - • 

Q. What are the marks for going between the Race and the Shambles in 
the night ? v ’ 

A. The tiro lights on Portland, bearing N.N.W.iVv.—I would run in 
until the land shuts in the new light-house, then ste^yr N.N.E. 

Q. What is the mark for going through the westetfh channel into Ply¬ 
mouth Sound ? 

A. The whole of the Citadel open to the eastward of Drake’s Island. I 
must round Penlee Point in 6 or 7 fathoms. < 

Q. How would you sail through the middle channel into Plymouth 
Sound ? 

A. Bring Plymouth Old Church* which has 4spires on it, bearing N.N.E. 
on with the white or middle Obelisk; and to turn between the Knap and 
panther, Tinker and Shovel, I would bring the Old Church just to touch 
the east side of the west, or black Obelisk; and the west side of the east, ' 
or red Obelisk. 

Q. What are the anchoring marks in Plymouth Sound ? 

, A. Mount Edgecumbe House to the Southward of Drake’s Island,-— 
Drake’s Island bearing N.W.byJL* Mount Batten N.E.byN., and the 
Whitby Hedge S.E.byE., or end on ; in 6 or 7 fathoms. 

Qi What are the dangers near the Land’s Eod^ < 

A. The Runnel Stone, Wolf Rock, Long Ships, and the Seten Stones. 
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Q. Which is the narrowest part of the Channel 

A. Between Portland and the Casketts. 

Q. You have 75 fathoms red sand and gravel, how does Scilly bear of 
you ? 

A. About N.W. 

Q. In coming from tlf^liastward how near would you stand to the Ower** 
light? ’ P 4 

A. About 2 miles ; the light bearing N.W.byW, 

Q. In coming from the westward, and bound to Spithead, what Are the 
Buoys on the larboard hand ? 

A . One on the South-east end of the Princessa, black; North West end 
white; Bembridge Ledge, black ; Knab Bock, red; Warner, white; No«* 
man’s Land, white ; and 2 on the Sturbridge, white. 

** Q. What is the mark for the Buoy on Noman's Land ? 

A . The New Spire of the Clock-house in the Dock Yard on with the Vic¬ 
tualling Office at Portsmouth; and Ashey Down Mark on with the middle 
of a remarkable Square held to the eastward of Ryde, in the Isle of Wight, 

Q. How near would you stand to BAabridge Ledge ? 

A. Eight or nine fathoms. V* 

Q. What is the leading mark through the Needles ? 

A. Pilcwell Bath, which is a Cupola Building, on with Hurst Castle. 

Q. How do you know when you are clear of the west end of the Owers ? 

A. By Medinary House, Chichester Church, and St. Rook’s Hill, being 
in one,Hearing N.E.JN ; und when Dunnose bears W.N.W. 1 would steer 
N.W.byN. for Spithead. 

Q. What is your mark for being abreast of the Owers t 

A. Selsey Bill bearing North. 

Q. How near would you stand to the South Foreland in the night ? 

A. I would keep the lights in sight above the land. 

Q. What is the mark for being clear of the east end of the Owers ? 

A . Pegham Grove, Chichester Church, and the white way on Bow Hill, 
in one; bearing N.W.JN. 

. Q. What is the mark for clearing the Horse of Willingdop, and Royal 

Sovereign Shoals ? , 

A . Keep the Scvw Cliffs of Benchy in sight. 

Q. What is the mark for anchoring at St. Helens ? 

A . Ashey Down Mark, on with the White Sea Mark, in 7 or 8 fathoms. 

Q. In coming into the Channel from the westward in thick weather, how 
do you know if you are too far to the Southward or Northward of the 
Fair-way ? 

A . When I get red sand, and coarse gravel, I am near the coast of 
France ; if mud and oozy bottom, in the stream, or to the northward of 
Scilly ; but if white sand with black specks and small shells, I am then in 
*the fair way of the Channel. 

Q. What are the bearings and distances of the Varne and Ridge from the 
Coast ? 

- A . The east end of the Varne lies S.S.W.|W. 8 miles from the South 
Foreland; south by west, 7 miles, from Dover Castle ; S.E.f S. 9 miles 
from Folkstone. The west end S.W.^S. 12 miles from Dover Castle, South 
10 miles from Folkstone Church, and E.byS. l6 miles and a half from 
Duugeness. It has 7 fathoms on the west end, 4 on the east, and 2£ on 
the middle. 
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Q . What water is there between the Vame and Ridge ? 

A. From 18 to 20 fatbom3. The east end of the Ridge lies S.byW. 12 
miles, from Dover Castle, and W.N.W. from Calais Cliff; the west end lies 
S.E. near 17 miles from Dungeness, and S.S.W.fW. 23 miles from Dover 
Castle. On the west end are 6 fathoms; on tht^jfcst 4f, and on the mid¬ 
dle 2f fafe.i*. f 7 

Q. You are bound to Spithead and the Buoys are all gonfe ? 

A. I would keep Ashey Down Sea Mark, on the Isle of Wight, in sight 
above the trees; and that will carry me clear of all the dangers. I would 
stand to the Warner into 12 fathoms, to the Dean in 9 or 10, to the Horse 
11 , and to the Noman’s Land IS fathoms ; the moment the water shoals, 
near Noman's Land, 1 would tack to the eastward, it being steep-to. 

Q. What is the mark for Stephenson's Shoal; 

A . Lyd Church and the ruins of Lynn Monastry in one. It lies about 
S. W. distant 3 miles from Dungeness. 

Q. How would you auchor under Dungeness ? 

A . I would bring it to bear S.W .by W. or W.S.W., keeping the Hope Land 
•pen of Dover, in 10, 11, or 12 fathoms. 

Q. What is the mark for the Buoy on Bembridge Ledge ? 

A. The Square Tower of Porchester Castle on with a round sentry box, 
at South Sea Castle; and the New Inn on with Red Cliff Point, bearing 
N.W.fW. - 

Q. How would you anchor at Spithead ? 

A . I would bring South Sea Castle to bear N.E.byE., and the Kicker 
Point N.W. and anchor in 14 fathoms. 


Q. What is the mark for the South-east buoy of the Dean ? 

A . Ashey Down mark on with the southernmost of the two clumps of 
trees at the Priory House, on the Isle of Wight, and the Spire of Ports¬ 
mouth Church, a sail’s breadth open to the eastward of South Sea Castle. 
Q. What is the mark for going into Spithead ? 

A . The Spire of Portsmouth Church, North a little westerly, or Kicker 
Gill and Fort Moukton in one. 


Q. What is the mark for the buoy on Bembridge Ledge ? 

A The square Tower of Porchester Castle, on with £ round stone sentry 
box near South Sea Castle, and the New Inn on with Red Clilf Point, bear¬ 
ing N.W.fW. 

Q. You are off Beachy Head in a dark night, and in a strong gale of 
wind at N.E. and bound to Spitbead ? 

A . I would lie-to with the Ship’s Head to the. N.N.W. till morning, 
keeping the lead.frequently going; she would then drift a channel course 
about two knots an hour, (allowing her to lose on the ebb what she would 
gain on the flood,) and be in a fair way iiMhe morning. 

Q. Being abreast of the Isle of Wight, and running for the Downs with 
a heavy gale of wind at S.W. how would you act ? 

A . Get the top-gallant-yards and masts down, and run under the fore¬ 
sail ; see all the cables clear. When you round the South Foreland (keeping 
the lights in sight) and are in the proper anchorage, haul the fore-sail up 
and haul the mizen out, hard a starboard the helm, and when the Ship comes 
head to wind, kt go your best bow er anchor and veer away. 

Q. Suppose you part your best bower 

A* Let go the small oue. 
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Q. You part your small bower ? 

A. Let go the sheet* 

Q. You part the sheet ? , 

A . Veer Ship and run through the Gull Stream. 

Q. Suppose the ShiMfloll not veer, the ends of the cables being out, 
and hooking the bottom c wk 

A . Cut the cables from the bows, and when thro* the Gull Stream, and 
clear of the North Sand Head, stand with the Head to the eastward, and 
heave-to till day-light. r 

Q. How do you know the different Head-lands in the Channel ? 

A • The Lizard is middling high land on which there are 2 light-houses, 
and several churches.—'The Ramehead is even and rouud, on which stands 
a large barn.—The Start Point is quite ragged like a Cock’s Comb.—The 
Bill of Portland is bluff land, and appears like an Islaud ; it has two 
light-houses on it.—St. Aldan’s Head is high land ; it has an Old Castle 
with several large seats on it.—Peveral Point slopes to the S.E. and is 
smooth.—The Isle of Wight is high, and has a remarkable sea mark on it, 
called Semi and Seminot.—To the westward of Beachy Head are seven 
very remarkable White Cliffs; the land is high and bluff. 

Q. What are the Bearings aud Distances of the principal Head-lands, 
&c. in the Channel ? 

Bearing* Distance * in 

/ by Compass. Leagues. 

A. Merth Foreland to the South Foreland.S.W.JS. 5 

South Foreland to Dungenes 3 » ..• • WSW*W. 7 

Dungeness to Beachy Head* •••••••• •.W.JN, 10 

Beachy Head to Sclsea Bill . N.W.byW.|W, 13 

Beachy Head to Dunnose •••••••••• .W.N.W.JW, 18 

The east end of the Owers to Dunnose.W.N.W. JW. ^ 7 

St.Catharine's Point to St. Aldan's Head ..W.N.W. 10 

St. Catharine's Point to Bill of Portland.. ••••W.N.W.$W. 15 

Bill of Portland to Berry Head •• • • ..W.N.W.Jw. 13 

Bill of Portland to the Start ..*.• • W.JN. 16 

Bolt Head to the Rame Head .. N.W. 6 

Bolt Head to theEddyOone.W.N.W.*W. 6 

Bolt Head to the Lizard. W.byN. 18 

Rame Head to the Lizard.... • • W *S. 14 

Lizard to the Runnel Stone .. • N.W.* W. 6 

Lizard to the Wolf Rock -•••••••••••••••••••••••••W.N.W. 8 

Land's End to the Wolf Rock .S. W. f W. 3 

Land's End to St. Agnes’ Light • • .. W.|N. 9 

Land's End to the Seven Stores .N.W.by W. 5 


N. B. The bearings in the foregoing directions are all by Compass. 
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EXPLANATION aGd USE 

OF T H £ 

TABLES, 


TABLES I. and II. 

Difference of Latitude and Departure for Points and Degrees* ^ 


. . THESE Tables are of very extensive use in Navigation, affdtffcirig an 
easy and expeditious method of solving all problfertis in right angled plane 
trigonometry, and consequently applicable to the various sailings, but 
particularly useful in working a fcravetse, from whence they obtain the 
name of Traverse Tables . 

Table I. contains the difference of latitude and departure, answering to 
distances not exceeding 300; and for courses to every tjuartier point ot'the 
compass. Table II. is of the same 1 nature and extent, but for bourses 
consisting of whole degrees. The cobrses are set down at the top of the 
pages when they do not exceed 4 points or 45 degrees, and at the bottom 
when they are greater than these quantities r the distances are regularly 
arranged in the columns marked Dist . Vith their corresponding 
difference of latitude and departure immediately opposite in the co¬ 
lumns marked hat. and Dcp. but it rhust be carefully observed, that when 
the course is less than 4 points or 4.5 degrees, these must be taken out a3 
marked at the top, and when more, as noied at the bottom of the pages. 

Now as the difference of latitude and departure answering to any given 
’ course and distance, are found opposite the distance in that page of the 
table which contains the course, if therefore any two of the four things, 
viz. the course, distance, difference of latitude, and departure, be given, 
and those iwo be found together in the tables, the other two things will 
be found in their respective places on the same page. In like manner the 
parts of any right angled plane triangle may be found, (provided two of 
them, exclusive of the right angle, be given) by taking out the hypotbe- 
nuse as a Distance, the perpendicular iii the Lat: column, the base in the 
'■Dcp, column, and the angle opposite t<Ht as a course : hence when these 
tables are applied in parallel or middle latitude sailing,“the Co. Iat. or Co. 
mid. lat. is taken as a course, the departure or meridional distance is 
found in the Dcp. column, and the difference of longitude in the Dist. co- 
w jatno ; in Mercator’s Sailing the meridional difference of latitude is taken 
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11. 


EXPLANATION OP THE TABLES. 


out in the Lah column, and the difference of longitude in the Dtp. co¬ 
lumn. t . 

* ' When the given numbers exceed the limits of the table, any aliquot part, 
as a half, third, fourth, &c. is to be taken; and those found correspond¬ 
ing are to be doubled, trebled, &c. that is, multiplied by the same figure 
that the given number is divided by. 

TABLE III. 

Meridional Parts . • 

This table is used in resolving problems by Mercator's sailing, and in 
constructing charts .on Mercator’s Projection. The meridional parts are 
to be taken out for the degrees answering to the given latitude at the top 
or bottom, and for the minutes ht“ either side column. Thus, the meri¬ 
dional parts corresponding to the latitude 49° 57' are 34/0. 

. TABLE IV. ~ 

Mean Refraction* 

This table contains the refraction of the heavenly bodies, in minutes 
and seconds, at a mean State of the atmosphere, and corresponding to 
their apparent altitudes. This correction is always to be subtracted from 
the apparent altitude of the object. Ex. The mean refraction to the 
apparent altitude 1C° 50' is 4' 51". 

TABLE V. 

Depression , or Dip of the Horizon . 

This correction arises from the elevation of the observer above the sur¬ 
face of the sea, whereby the visible horizon, or that seen by the observer, 
is below the true; and consequently altitudes taken with the quadrant 
are too great by a quantity to be taken out from this table with the height 
of the observer's eye in feet, to be subtracted from the observed altitude. 
Ex. The clip for 20 feet is 4' 17". 

TABLE VI. 

The SwCs Parallax in Altitude • 

The sun’s parallax in altitude is exhibited in this table to every tenth 
degree, and is always additive to the apparent altitude. 

* TABLE VII. 

The Moons Augmentation, 

The moon’s horizontal seinidiamcter, as given in the Nautical Alma¬ 
nac, is to be increased by a number of seconds, called the augmentation* 
taken out from this table nearest answering to his altitude, m order to give 
the true semi diameter. 
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EXPLANATION OF THE TABLES/ ilf/' 

TABLE Vlir. 

Dip cf the Sea at Afferent Distances from the Observer, . , 

When that part of the horizon immediately under the sun is.obstructed' 

laud, and tbe obseryer is nearer the shore than five or six miles, then' 
it the .object bp brought down to the line separating the sea and land, the 
dip will exceed that shewn in Table V, which is calculated for an open 
and unobstructed horizon* and will increase as tbe distance from the land' 
diminishes. In this case, the dip is to be taken from the present table' 
with the height of the eye at the top, and the distance estimated in miles 
in tbe sidfc column. 

TABLE IX. 

■ / Sun's Decimation . * 

The sun's declination is contained in this table from tbe year 1802 to' 
IS 17 inclusive. It is to be taken out with the month at the top and the* 
day in either side column, at'the same time noting whether it be north or 
south as expressed a* the top of each column. The declination being' 
given iu this table to the nearest minute, will in general be sufficiently ex¬ 
act for ascertaining tbe latitude at sea; but when greater pieciskm is re^ 
quisite, it must be taken from the Nautical Almanac, and corrected by 
Table XXL 

TABLE X. 

Tq correct the Sm 9 s Declination . 

As the sun’s declination in Table IX. is adapted to the meridian of 
Greenwich, when the ship is considerably to the eastward or westward, it 
should be corrected by a number of minutes taken from this table, placed 
at the bottom for that purpose, with the declination at the top and the 
nearest longitude in the side columns, to be added or subtracted as directed 
at tbe head of the table. 

example. 

Required the Sun’s Declination at Noon on Sept. 18th, 1805, in LongN- 

tude 108° West. 

Sun’s Declinationirom Table IX., - , 1° 57' north. 

Correction for longitude Table X. to be sub. — 7 

Sun’s true declination 1 50 north. 


TABLE XI. 


The Sim f s right Ascension . 


The sun’s mean-right ftscension contained in this table is to be taken 
out with the month at the top, and the day., m either side columns j it is 
sufficiently exact for ascertaining the time of an object’s passing tbp me¬ 
ridian in order to obtain the latitude by its meridian altitude ; but when 
greater aceurafcy is necessary, recourse - must be had to the Nautical AN 


mange* . 
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iy/ ^XPLANATIOM OF TIIE TABtltf* 

TIABLE XII. 

Tqjin^i th Tw* °f\ JPetfer- 

The common method of finding the time of high water af any given 
pjUce* being in many cases extremely erroneous, it is thought proper to r 
insert this.table, since, by its assistance, the time may be found within a. 
fe\Yiminutes, unless the. tides should be greatly influenced by the winds r 
For this .purpose, the time of the phase answering nearest to the g^iven 
4ay, must.be taken from page l of the Nautical Almanac, and reduced 
tp, the meridian of the given place by adding to it thje longitude of the 
place da .time, if it be east, or subtracting if West; then the (difference 
between this reduced time and the noon of the given day being found in 
the table, with the phase at the top, will give a correction, which is to 
be applied to the time of high water at full and change, as the table di¬ 
rects, in order to give the approximate time of high water in the after¬ 
noon. Then by applying again the correction corresponding to the inter¬ 
nal between the reduced time of the phase and th,at approximate time, the 
Jesuit will be. the time of high water in the afternoon. 1 

If the.tiineof high water is required for die morning, the last interval 
must be increased by 12 hours when the given day fh,ils before the nearest 
phase, or diminished by 12 hours when after the phase i then the corres¬ 
ponding >correction applied as before, will give the time of high writer in 
the morning. 

EXAMPLE. 


Required the Time of high .Water at Lisbon, on 

Time of moon's first quarter at Greenwich, by; 

, Nauticaf: Almanac - - J 

Longitude o£ Lisbon in time - - 

Feb. 8th, 1805. 

D. h. m. 

[ 6 W 3 
— 37. W. 

Time of moon’s first quarter at Lipbpn 

Given day - - - - 

6 13 32 

S 

Interval after first quarter f 

\ io 28 

Correction for that interval by table - 
Time of high water at Lisbop, full and qhange 

•k fr 53. 

2 15 

Approximate time of high water 

Reduced time of moon's first quarter 

8 9 « 

6 13 32 

Interval! after first quarter - - ■< 

1 19 36 

Correction for that interval by table - - 

Time of high water at Lisbon, full and change 

+ 7 23 

2 15 

Time of high water at Lisbon Feb, 8th • 

9 38 P. M, 

Interval after first quarter less 12 hours 

1 7 36 

Correqtipn forth# W^rval by table 

Time of high yfa^er.at Lishogu, ftiU apd phange 

• + 6 44 

2 IS, 


. Time of high water at Lisbon Fety. 8th 
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TAflLE .Mil. 

v • jfmpjitudef. • 

Thb table is intended to expedite the method of finding the variation 
of the compass by comparing the magnetic with the true amplitude : the 
hitter is here given in degrees and minutes, and is to be found w ith thedet 
clination at (he top and the latitude in the left side column : moreover, 
when the minutes of the latitude or declination are nearly 30, or half a 
degree, the mean of the amplitudes found for the two nearest degrees, 
will give the amplitude required, as shewn in the following examples. 

EXAMPLE L. 

What ia the Sun’s true Amplitude in Latitude 51° 31* N, when the 
Declination is 8°. 

True amplitude by tabic for hit. 51° and declination 8° - 12° 47* 

• ' - - ' - ’ ' ' lat. 52 and declination 8® - 13 4 

2)25 51 

, . Spn’s true amplitude required - 12 55 

EXAMPLE II. 

Required the Sun’s true Amplitude in Latitude 34° 5' when the Declina- 
' tion 19 18° 32’. 

True amplitude by table for lat. 34° and declination 18° - 21° 53* 

- - • - lat. 34 and declination 19 - 23 7 

2)45 O 

JSun’s true ampljty^e required • 22 30 

EXAMPLE III. 

On what Joints of the Ilorizon does the Sun rise and set, in Latitude 57° 
56' N. when his Declination is 1S° 28' S. 


Sun’s truq amplitude for lat. 57° and declination 18° - 34° 3V 

lat. 57 and declination 19 * - ■ 36* 43 

lat. 58 and declination 18 - 35 40 

lat. 58 and decimation 19 - 37 54 


4)144 51 

Sun’s true amplitude required - 36 13 

Hence the sun rises E. 36° 13' S. or S. E. J E. 

and sets \Y. 36 13 S. or S. W. ^ W. 

In the same manner (he true amplitude of the moon, planets, or stars, 
may be found when their declination and the latitude are given. 

% TABLE 
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TABLE XIV. 

Semidiurnal and Scminoctwmal Arches , 

, for finding the Time of the rising and setting if the Sun, Moon, or Stars . 

Tb is table exhibits half the time that a celestial object continues above 
the horizon when the latitude and declination are of the same name, or 
below, when they are of contrary names; usually called its semidiurnal 
and semi nocturnal arches, from whence the time of its rising and setting 
may be computed ; these are to be taken out with the latitude in cither side 
colurtm and the declination at the top; then the angle of meeting will 
point out the arch required, which, if the object be the sun, will be the 
time of its setting when the latitude and declination arc of the same 
name, or of its rising when they are of contrary names; ahd this sub¬ 
tracted from 12 hours, will give the time of the sun's rising in the former 
case, and of its setting in the latter; double the time of his rising will be 
the length of the night, and double the time of his setting the length of 
the day. 

EXAMPLE. 

Required the time of the Sun's rising and setting, with the length of the 
day and night, in Latitude 51° 31' N. when the declination is 20° N* 


The time answering to lat. 51° and declin. 20° is 
lat. 52 and declin. 20° 

h. m. 
• 7 4/ 

7 51 


2)15 3ft 

Time of sun’s setting, because lat. and declin, are 

both N. 7 49 
12 

• Time of sun's rising 

4 11 

Double the rising gives the length of the night 

8 22 

Double the setting gives the length of the day 

- - 15 38 


To find the time of a star's rising and setting, the time of its passing 
the meridian must be previously ascertained by subtracting the sun's right 
ascension front the star's right ascension, (increased by 24 hours if neces¬ 
sary) then the latitude and declination, when they are of the same name, 
will give the rime the star takes in ascending from the horizon to the me¬ 
ridian, and descending from the meridian to the horizon ; therefore, if 
these hours- and minutes be subtracted from the time of its passage over 
the meridian, the remainder will be the time of its rising, and, if added, 
the sum will be the time of its setting. 

But when the latitude and declination are of contrary names, the time 
found as above will be half the star’s continuance under the horizon, con¬ 
sequently it is to be subtracted from hours to give half the time of its 
continuance above the horizon, with which proceed as before. 
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£^P1,ANATI0K .OF THE TABLES. Ttt. 

EXAMPLE I. 

At what tune does the star Arcturus rise and set on June 1 st, in latitude 

51° North ? 

h. m. 

Star’s right ascension by Table XV. - - - 14- 7 

Sun’s right ascension June 1 st by Table XI. - - 4 35 

Time of the star’s passing the meridian - - 9 32 

.Tinje answering to lat. 51° N. and star’s declin. 20 N. is 7 47 

Remainder gives the time of the star’s rising - - - l 45 

Sum gives the time of the star’s setting - - - 17 19 P.M. 

or 5 19 A 

EXAMPLE XI. 

At what time does the Star Itegulus rise and set on May 10 th, in latitude 
f ' 33° South. 

h. ta. 

Star’s right ascension by table XV. - - - - - 9 53 

Sun’s right ascension May 10th by Table Jw I* - - 3 7 

Time of star’s passing the meridian - - - - 6 * 51 

Time answering to lat. 33° S. and star’s declin. 13° N., sub¬ 
tracted from 12 hours, is - - - - - - 5 2(? 

Remainder gives the time of the star’s risiug - I 25 

Sum gives the time of the star’s settiug >- 12 J 7 P.M. 

or 0 17 A. ML 

After the same manner the time of the rising and setting of the planets 
may be computed, observing to take out their declination ami passage 
over the meridian from page IV. of the Nautical Almanac. 

To find the rising and setting of the tnoon, the time of her passage over 
the meridian is to be taken from page VI. of die Nautical Almanac, u» 
which the minutes from Table XVI. are to be applied, in order to obtain 
the time of its passing the meridian of the given place. Then the semidi¬ 
urnal arch answering to the moon’s declination (given in page VI. of die 
N. A.) and the latitude ol the place, subtracted from the above reduced 
time, will give the approximate time of the moon’s rising, or* added there¬ 
to, will give that of setting. But as the moou changes her declination 
sometimes very rapidly, if greater accuracy is required it must l»e reduced 
to the approximate time ol its rising or setting by Table XV111. then the 
semidiurnal art h being again found and corrected by adding die minutes 
irom Table XVI. corresponding thereto, and the daily variation of her 
passage over the meridian, the sum subtracted from or added to the re¬ 
duced passage over the meridian, will gj\ e the time oi her rising or setting. 
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EXAMPLE. 

Required the time of the Moon’s rising at St. Helena in Lat. 15^55'S* 
and Long. 5° 43' W. on July 10th 1805. 

h. m. 

In page VI. of the N. A. the time of the mooh’s passing the meri¬ 
dian of Greenwich is’ 11 h. 18 ni. to which 1 minute (the num¬ 
ber fiornTable XVI. answering to the daily variation and lon¬ 
gitude) being added, gives the time of her passing the meridian 
of St. Helena - - - - - - - - 11 lp 

Time answering to lat. l6° S. and moon’s dedin, 24° S. - 6 

Remainder gives the approximate time of moon’s rising - 4 50 

The Moon’s Declination at this time reduced to the Meridian of Green¬ 


wich by Fable XVIII. is 24 J 22' South. 

h. m. 

| Time answering to lat. lG° S. and declln. 24° 22'S. - 6 30 

Corr. from 'l ab. XVI. to 6 b. 30 m. and daily var. 4S m. + 13 

Semidiurnal arch - - - - - - 6 43 

Reduced time of moon’s passing the meridian - - 11 IP 

Time of moon’s rising - ' - - - 4 3(> 


It must be understood that the above methods are only approximations, 
and may deviate two or three minutes from the truth; but it is presumed 
they will be found sufficiently exact for nautical purposes. 

The semidiurnal and seminoctumal arches may be found independent of 
this table, by adding together the log. tangents of the given latitude and 
declination, which sum will be the log. sine of an arch m degrees, dec. to 
be reduced into time and increased by 6 hours. 

TABLE XV. 

The right Ascensions and Declinations of the principal jixtd Stars. 

The right ascensions and declinations of 60 of the principal stars 
contained in this table are computed for the beginning of the year 1800, 
with their annual variations in seconds and decimal parts of a second. If 
their places are required tor any lime subsequent to the year 1800, the an¬ 
nual variation both in right ascension and declination must be multiplied 
by the number of years and parts of a year elapsed since that time, and 
the product will be the variation from the beginning of 1800 to the given 
time. This variation must always be Added to the right ascension for 
1800, but the variation in declination is additive or subtractive accord¬ 
ing as the sign -f or — is prefixed to the annual variation ; then the sum 
or remainder will be the right ascension and declination for subsequent 
vears. But if the place of a star be required for any time preceding 1800, 
the variation in right ascension must be subtracted from that iu the ta- 
* ble, and the variation in declination applied contrary to the. -sign set 
agaiust it. 

EXAMPLE. 
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IX. 


EXAMPLE. 

Required the right Ascension and Dedication of the Star Arcturus in 

June 1805. 

From the beginning of 1800 to June 1805, there are about 5f> years. 

h. m. ». 

R. A. of Arcturus (in time) for the beginning of 1800 - 14 f> 32 

Annual variation + 2*.72 multiplied by 5£ gives - + 15 

R. A. of Arcturus for June 1805 - - - 1 4 6 47 

• / a 

Declination of Arcturus for the beginning of 1800 - - 20 13 45 N. 
Annual variation — 19*-1 multiplied by 5{ gives - - — 1 45 

Declination of Arcturus for June 1805 - - - 20 12 0 X. 

TABLE XVI. 

To reduce the Time of the Moon's Postage over the Meridian of Greenwich to 
the Time of his Passage over any other Meridian . 

The daily variation of the moon’s passing the meridian is the excess of 
time above 24 hours that elapses till her return to the same, and this is 
found by taking the difference between her passing the meridian of Green¬ 
wich on a given day (from page VI. in the N. A.) and the preceding, if 
the longitude of the place be east, or that and the following if the Ion* 
gitude be west. 

Now as the moon is constantly advancing to the eastward in the hear 
vens, she will therefore pass any meridian to the eastward of Greenwich 
sooner m the day, or a meridian to the westward later, than she does 
that of Greenwich by a certain number of minutes, which is to the daily 
variation as the given longitude of the place is to 36 0°, and on this prin¬ 
ciple the table is constructed. 

The table is to be entered with the daily variation at the top and the 
longitude of the place in the left side column ; then the minutes corres¬ 
ponding to these being added to the time of the moon’s passing the meri¬ 
dian of Greenwich, if the longitude be west, or subtracted if east, the sum 
or remainder will be the time of her passing the meridian of the place. 

EXAMPLE. 

At what Time will the Moon pass the Meridian of Calcutta in Longitude 
88° 28' E. on July 3d, 1805 ? 

h. m. 

Moon's passage over the Meridian of Greenwich, July 3d, by 7 5 
the Nautical Almanac - - - - , J 

Correction corresponding to daily vpr. 45 m. and long. 88° 2S' — 11 

rfime of moon's passing the meridian of Calcutta July 3d - 5 32 

This table is likewise useful in computHiefhe time of the moon’s rising 
«nd setting, as shewn in the explanation to Table XIV. 

, • :. , C 
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X. ■ 

TABLE XVII. 

To correct the mean Refraction. 

The refractions contained in Table IV. being adapted to a mean state of 
the atmosphere, that is, when the thermometer stands at 50° and the baro¬ 
meter at 29.6 inches, if it deviates from this weight and temperature, and 
accuracy is required, it will be necessary, especially in low altitudes, to 
correct the mean refraction by the seconds contained in this table, 
which arc to be taken out with the apparent altitude in the side column, 
and the heights of the thermometer and barometer at the top and bottom, 
to be added or subtracted as expressed at the top of the columns. 

EXAMPLE. 

Let the apparent Altitude be 5°. the height of the Thermometer 72 °. and 
that of the Barometer 29.2 : required the true refraction. , 

Mean refraction by Table IV. to 5° alt. - 9' 54* 

Corr. for alt. 5° and 7 2 ° height of thermometer — 3 i* ? ^ 

alt. 5° and 29*2 height of barometer — 9 j 

True refraction required - 9 ^ 

The true refraction may be found by adding to the logarithm of the 
difference between the height of the thermometer and 450, the log. of the 
height of the barometer, the logarithm of the mean refraction in seconds, 
and the constant logarithm 5.92665 ; the sum of these four logs, reject¬ 
ing 10 in the index, will be the log. of the true refraction in seconds* 
The preceding Example is thus woiked by logarithms: 

450 — 72° height of thermometer is 378 log. 2.57749 
Height of barometer - - 29-2 log. 1.46*538 

Mean refraction 9' 54* or - 594 log. 2.77379 

Constant log. 5.92665 

True refraction required 554* or 9 / 14" log. 2.74331 
TABLE XVIII. 

To reduce the Moons Decimation to any given Meridian , and to any Time under 

that Meridian . 

This table contains the proportional part of the variation of the mooi/s 
declination in twelve hours, answering to & given time from noon or 
midnight and to a given longitude; it facilitates the reduction of the 
jnoon's declination, as given in page VI. of the Nautical Almanac, and is 
to be entered wdth the variation of the moon’s declination in 12 hours at 
the top, and with the longitude and time from the preceding noon or 
midnight in the side columns : the. corrections thus found being ,applied to 
the declination for the preceding noon or midnight, as pointed out at the 
head of the table, will give the moon’s reduced declination. ; ;* 
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example I. 

Required the Moon's Declination on July 5th, 1805, at 9 b. 25 rn. 
Greenwich Time. 

Moon’s declination July 5th at Noon by Nautical Almanac - 17° 17 # S. 
Corr. answering to var. 1° 54/ and time 9 b. 1 25 m.' - +1 29 ~ 

Moon’s reduced declination , - • 18 - 4(i S. 

EXAMPLE II. 1 

What will be the Moon’s Declination on Feb t 11th, 1805, at 15 h. 45 m. 
in longitude 75° West ? 

Moon’s declination Feb. 11th at midnight by Naut. Aim. - 20° 16 ' N. 

,Corr. to var. 2° 14' and long. 75° W. - - — 56 7 _ i $q 

• var. 2 14 and time from midnight 3 h. 45 m. — 43 j 

Moon’s reduced declination • 18 37 N. 

TABLE XIX* 

To reduce Longitude into Time and the contrary . , . * 

This table is intended to facilitate the reduction of degrees, Ac. x>f lon¬ 
gitude into time, or of hours, &c. into longitude. The method of using 
it will best appear by inspecting the following examples. 

EXAMPLLE I. 

Required the Time answering to 43° 13'42" of longitude. 

. 0 ' * h. m. a. t. 

Time answering to *-42 O 0 is 2 48 1 0 0 
_ . . 13 O - 52 0 

42 - 2 48 

Hence the time answering to 42 13 42 - 2 48 54 48 

EXAMPLE II. 

Required the Degrees, &c. corresponding to 7 h. 6 m. 48 s. 

b. ip. s. ° 9 . 

1 Long, corresponding to 1 - 7 4 0 is 106 0 

- . . * ‘ 2 48 - 42 

Heuce the long, corresponding to 7 6 48 - 106 42 


TABLE XX. 

\ ■ 

Tor finding the Distance nf terrestrial Objects at Sea . , 

When the eye is elevated above the surface of the adjacent land or water, 
we not only see surrounding objects more distinctly, but also see those 
which are more remote the higher we advance. Now, although the ir¬ 
regularity of the surface of the land will not admit of any one rule that 
will give the distance to which objects may be seeinat different elevations, 
yet at sea, where the curvature of the water is uniform, those distances 
may be easily computed by means of this table, in which the distances 

C 2 are 
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xii* 

. are exhibited in nautical miles* and decimal parte, answering to the height 
of the eye or that of the given remote object, allowance having been 
made for terrestrial refraction. 

EXAMPLE. 

Being at the Mast-head looking o*t for L&nd, and elevated 130 Feet 
alxive thfc Surface of the Sea, I discovered the top of a Light-house in 
the Horizon,'whote height is known to be 300 Feet: required my dis¬ 
tance from the Light-house. 

miles. 

foihfc table opposite 130 Feet is 13.1 

300 feet is .... 19.9 

Sum gives the distance of the ship from the light-house 33.0 

c 

- TABLE XXL 

To reduce the Sun's Declination to any given Meridian and to any Time under 

that Meridian, 

This table contains the Corrections to be applied to the sun's declina¬ 
tion a* given m the Nautical Almanac4 which is cotoopoted for noon at 
Greenwich, when it S» required for noon at any other meridian, or to any 
given time of the day: it is to be entered With the declination for the nearest 
noon at the top, gs found in page II. of the Nautical Almanac, and the 
longitude or time from noon ip the side columns; corresponding to these 
will be found the tninutrs and seconds to be applied to the above decli¬ 
nation by a&litton OP Subtraction, afc directed at the head of the table ; 
that is, wheh the dedication 4 s ittcrOdring, the Corrections are to be added 
in west lon^tude or afternoon, arid to be subtracted in east longitude or 
before noon 5 but when the declination is decreasing, the corrections are 
to be subtracted lh wC$t longitude 0T* afternoon, and to be added in east 
longitude of before noOn. 

When the declination and longitude or rime from noon are not nearly 
found in the table* proportional parts must be used if great exactness is 
required. k 

It must,be observed fhal this table is subject to an error of a few se¬ 
conds from the sun's unequal motion in the ecliptic, but it is neverthe¬ 
less sufficiently exact for observations taken at sea. 

> EXAMPLE I. 

Required the Sun's Declination at Noon on Sept. 18th, 1805, in Longi¬ 
tude 105° 15 # West. 

Sun's declination at Greenwich by Nautical Almanac - 1° 57' 27* N. 

Correction for Longitude - - - - - — 651 

Sun's reduced declination - - - - - 1 50 36 N. 


* A nantict] mite contains 6080 feet. 
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EXAMPLE XI. 

Required the Sun's Declination on June 1st, 1805, at 4h. 20 m. Green* 

wich Time. 

Sun's declination at Noon by Nautical Almanac - 22® 2 # 26 * N. 

Correction for time - - - - + 1 33 


Sun's reduced declination - - - 22 3 59 N. 

EXAMPLE III. 

What will be the Sun's Declination on Nov. lSthf 1305, at 4 h. 40 m. in 
longitude 80° 45' West ? 

Sun's declination at noon by Nautical Almanac - 1?° 56* 48* S. 

Correction for longitude - - - + 3 30 

- - time after noon - - + 3 3 


Sun’s reduced declination - - • • 18 3 21 S. 


EXAMPLE IT. 

Required the Sun's Declination April 25tb, 1805, at 19 h. 36 m. in Lon- 
j .gitude 71° 50* West. 

Sun’s declination April 26 th by Nautical Almanac - 13° 27 r 36" N. 

Correction for longitude 71 ° 50'West - + 3' 55" 1 , 

* . - time before noon 4 h. 54 m* - —- 3 35 ) ■ 

, i 

Sun’s reduced declination - - - 13 27 56 N. 

It will sometimes happen, when the suu is near the equinoxes, that the 
correction for longitude and time will exceed the declination i in this case, 
if the correction is subtrdetive, the declination is to be taken from it, and 
the remainder will be the reduced declination of a contrary ttamefo that 
taken from the almanac. 


Example v. 

tVhat will be the Sun’s Declination on March 20th, 1805, at 18 h. 12 m* 
and In longitude 120° East? 

Sun's declination March flfet by Nautical Almanac - tef .55* N. 

Correction for longitude 120° east - — 7' 51" > 

- - time before noon 5 h. 48 m. — 541) w ^ 

Sun’s reduced declination - - • ^ - 0 2 37 S. 


TABLE XXII. 

Ib reduce the Sm^ right Ascttmon to any given Meridian mdf&any Time Under 

that Meridian . 

By this table the sun's right ascension, taken out for the nearest neon 
from page H. of the Nautical Almanac, may be reduced to any given 
time or place. It is to be entered with the riglrt ascenrion at the top and 
the given longitude or time from noon in the side columns : the correc- 

i lions 
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tions corresponding to these being added to the right ascension as above, 
if the longitude be west or the time afternoon, but subtracted if the lon¬ 
gitude be east or the time before noon; the result will be the sun’s reduced 
light ascension. 

EXAMPLE i. 


Required the Sun’s right Ascension at Noon May Stb, 1805, in longitude 


85° West. 

h. 

m. s. 

Sun’s right ascension by Nautical Almanac 

2 59 42 

, Correction for longitude 85° west 

+ 

54 

Sun’s reduced right ascension - 

3 

0 36 

EXAMPLE II. 



What will be the Sun's right ascension on October 10th, 1805, at 10 h. 

. 50 m. Greenwich time t 

b. 

m. a. 

Sun’s right ascension at noon by Nautical Almanac 13 

1 38 

Correction for time afternoon 10 h. 50 m. 

+ 

1 39 

Sun’s reduced right ascension • 

13 

3 1 7 

EXAMPLE III. 


, 

What will be the Sun’s right Ascension on Nov. 25th, 
in longitude 49° 25' east ? 

1805, 

at 9 h. 40 m. 


h. m. a. 


Sun's right ascension at noon bv Nautical Almanac - 16‘ 3 6 

Correction for longitude 49° 25'east - '— 0 35 7. 

time after noon 9 h. 40 m, + 1 43 J ^ 8 


Sun’s reduced right ascension - • - - 16 4 14 


EXAMPLE IV. 

Required the Sun’s right Ascension on July 12th, 1805, at 14 b. 10 m. in 
longitude 120° west. 

h. m. s. 

Sun’* right ascension July 13th by Nautical Almanac - 7 28 54 


Correction for longitude 120° west - + 1 21 7 

- - time before noon 9 h. 50 m. — 1 40 J 

Sqfc's reduced right ascension 


1<7 


7 28 35 


TABLE XXIII. 

Logarithmic Sines, Tangents, and Secants, to every Point ond Quarter Point 

of' the Co9/ipass. 

This table is useful when the logarithmic sine, tangent, or secant of a 
ship's course is required to points of the compass; it is to be entered with 
the points in the left side, when they do not exceed 4, and the names at 
the top ; but when they are above that quantity, the points are to be taken 
Iron* the right side column *md the names at the bottom. 

* Digitized by EXAMPLES, 
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EXAMPLES. 

The log. sine of 3 points is - 9-744739 

The log. tangent of 6 points is - 10.38 2776 

TABLE XXIV. 

Logarithms of Numbers. 

This table contains the decimal part of the logarithms of numbers to 
six places of figures ; but as in most of the calculations which occur in 
navigation five places are sufficient, it must be observed, that when the 
sixth figure is omitted, if it be 5 or above, the preceding or fifth is to be 
increased by 1 ; thus the logarithm .900.986, when taken out to five places' 
only, will be . 96699 . 

Logarithms consist of two parts, which are separated by a point; that 
on the left hand of the point is called the index ; the figures on the right 
baud is the decimal part ; and as it is the latter only that is inserted in the 
table, the index must be supplied according to the following rules: 

The index of a logarithm is always one less than the number of figures in the 
uhok number ; hence the index of 125 is 2, being one less than the number 
of figures contained in 125 ; also 2 is the index of 162.5 : for although 
her^are four figures, yet only three of them belong to the whole number, f 
the .5 being a decimal figure. If the natural number consists esf decimal 
figures only , the index is 9 lessened by the number of cyphers before the first deci¬ 
mal figure: thu3tlie index of .0051 is 7; being 9 lessened by 2, the num¬ 
ber of cyphers before the first decimal figure; the index of .03025 is 6, 
because there are three cyphers before the first decimal figure. 


To find the Logarithm of a na lured Number. 

If the number consists of one or two figures only. Enter the first page of 
the table, and in one of the columns marked No. look for the given num¬ 
ber ; opposite to this, in the column marked Log. will be found the loga¬ 
rithm required, to which prefix the index according to the above direc¬ 
tions : thus the logarithm of 5tf is found to be 1.748188; the logarithm of 
94 is 1.973128, and of .0025 is 7-397.940. 

If the number consists of three figures. Find the given number in the left 
hand column of the table, and opposite, in the column marked 0 at the 
top or bottom, will be the logarithm required, to which prefix the index 
as before: thus the log. of 295 is 2.469822; of 1.76 is 0.245513, and 
of .0542 is 8.733999. 


When the number consists of four figures . Look for the first three figures 
in the left side column (without attending to the decimal point if there 
be any) and opposite to these, in the column marked with the fourth li«* 
gure at the top or bottom, is the logarithm required : thus the logarithm 
of 1246 is 3.095518; of 17.95 is 1.254064, and of .2678 is 9.427811. 

If the number consists of fixe or mote figures. Find the logarithm of the 
first four figures, as before directed ; then multiply the number found op¬ 
posite in the right hand column under diff. (which is the difference be¬ 
tween two adjacent logarithms) by the remaining figures ; point off from 
the product as many figures from the right as the multiplier consists of, 
and those remaining being added to the logarithm of the first four figures, 
the sum will be the logarithm required, to which prefix the index. If the 
figures pointed otf to the right hand exceed a half, the unit figure of the 
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remainder is to be increased by one. Example. Required the logarithm 
of 25047. First look in the left side column for 250 ; opposite to this in 
the column with 4 at the (op, is the logarithm 398634, and in the right 
side column the diff. 173 5 this multiplied by 7> the fifth figure, gives 
1211 ; from which cut off the last figure, and the remainder 121 added to 
3.98634 will give, with the index prefixed, 4.398755, the logarithm re¬ 
quired. In this manuer the logarithm of 59S765 will be found 5.777256. 

To find the natural Number corresponding to a given Logarithm. 

If the number be required only to four figures. Look in the table .for the 
logarithm nearest to that given, opposite to which will be found the first 
three figures in the left side column and the fourth figure at the top or 
bottom ; the decimal point is then to be placed so that the whole number 
may contain (mefigure more than that expressed by the index. Suppose, for 
example, the natural number corresponding to the logarithm 2.326929 he 
required: the nearest logarithm to this is 326950, opposite to which is 
212 in the left column, and 3 at the top, which placed after the first three 
figures, and the decimal point fixed according to the index, will give 212.3 
the natural number required. 

If the number be required to five or more figures. Find the logarithm next 
less to the given one, which will give the first four figures; thenrtakd 
the difference between that and the given logarithm, to which annex as 
many cyphers as there are figures wanted above four; divide this by the 
difference found opposite the nearest less logarithm, and the quotient will 
be the remaining figures required. 

For example—To find the natural number corresponding to the loga¬ 
rithm 4.478309 to five figures: the nearest less logarithm is 478278, an¬ 
swering to the number 3Q0S, and the difference between that and the 
given logarithm is 31 ; to this annex a cypher, and divide by the diffe¬ 
rence 145, the quotient will be 2; therefore the number required is 
3O0S2. In the same way the natural number corresponding to the loga¬ 
rithm 0.497646 to six figures is 314518. 

When the given logarithm consists of only five places of figures, add ^ 
cypher to the fifth figure and proceed as befoi e. 

li the number required is to consist altogether of decimal figures, the 
same method must be used to obtain it as shewn above; only observe, 
that 9 cyphers lessened by the index are to be prefixed to the number 
found. Thus the number answering to the logarithm 7*819^83 is 
.006593. 

To find the arithmetical Complement of a logarithm. 

The arithmetical complement of a logarithm is the number it wants df 
§0.000000 or 20.000000 and the easiest way to find it is, beginning at 
the left hand, to subtract every figure from 9 except the last significant 
figure, which is to be taken from 10; but if the index exceed 9> it is to 
be taken from 1.9. Thus the arithmetical complement of 4.478S09 is 
5.52l()*9l and of 10.935547 is 9-064453 ; it is frequently used in the rule 
tA proportion and trigonometrical calculations to change subtractions into 
- additions. 

Here 
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Ilcre follows a few examples to further illustrate the preceding rules. 



Nit. Num. 

Logarithms. 

Logarithms. 

N*t. Num. 

6iven 

56* 

to find 1.74819 

Given 1.36*977 to find 

23.43 

- 

1.79 

0.251285 

- 2.450*37 

28.60 

- 

. 93 . 76 * 

1.9.9458 

- 3.56744 

3693.5 

- 

59(>.S* 

2.775858 

- 9.876542 - 

.75256 

- 

.30875 

9.566732 * 

. 5.123562 . 

132911 

- 

150795 

5.195333 

- 4.397625 - 

24931.9 


TABLE XXV. 


Logarithmic Sines , Tangents , and Secants . 


This table contains the logarithmic, or, as they are sometimes called, 
the artificial sines, tangents, and secants, to each degree and minute of the 
quadrant, with their complements or co-sines, co-tangents, and co-secants, 
to six places of figures besides the index ; but it may be observed, as of the 
last table, that five places being generally sufficient in the common prac¬ 
tice of navigation, when the sixth is omitted, and it 19 5 or above, the pre¬ 
ceding or fifth is to be increased by a unit. 

To find the logarithmic Sine , Co-Sine, c. of any Number of Degrees and 

Minutes. 


. If the given degrees be under 45, they are to be taken from the top, and the 
minutes from the left side column, opposite to which in that column with 
the name of the logarithm at the top, will be found the required logarithm. 
But if the degrees be more than 45, they will be found at the bottom of 
the page, and the minutes in the right side column; likewise the name of 
the logarithm is to be taken from the bottom of the page. 

When the given degrees exceed 90 , they are to be subtracted from 180 
degrees, and the logarithm of the remainder taken out as before. Or the 
logarithmic sine, tangent, &c. of degrees more than 90 , is the logarithmic 
co-sine, co-tangent* &c. of their excess above $0 degrees. 



. 

EXAMPLES. 





0 

/ 

' 

loflr. to 6 places. 

log. to C T»T«C£ 

Required the log. sine of 

36 

32 

- 

9.774729 

- 9.77473 

- 

co-sine of 

61 

18 

- 

9.6*81443 

- 9.68144 

- 

tangent of 

54 

17 

- 

10.143263 

- 10.14326 

- 

- co-lang. of 

42 

50 

- 

10.032877 

- 10.03288 

- 

- secant of 

19 

27 

- 

10.025519 

- 10.02552 

- 

- co-secant of 

70 

33 

- 

10.025519 

* 10.02552 

- 

- sine of 

10S 

36 ) 




- 

or sine of 

71 

24 V 

- 

9-976702 

- 9-97670 


or co-sine of 

18 

36) 





Tojind the Degrees and Minutes nearest corresponding to a given Logarithmic 

Sine , Cosine, q*c. 

; Look in the* column marked at the top or bottom with the name of the 
given logarithm, and when the nearest to it is found, the corresponding de¬ 
grees and minutes will be those required, observing that when the name is 
at the top of the column, the degrees are to be taken from the top aud the 
minutes from the left side column, but if the name is at the bottom, the 

D corresponding 
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corresponding degrees will be there likewise, and the minifies in the right 
side column. 

EXAMPLES. 

The degrees and minutes corresponding to the 
log. sine £.265390 are 10° 37' 

co-sine 9*52 S46l 70 16 

tangent 9.70156 26 42. 

secant 10.25413 56 9 

The logarithmic sines, &c. taken out to degrees and minutes only are itr 
general sufficiently accurate, but in some of the more rigid astronomical 
calculations, such as clearing the distance in lunar observations, it is fre¬ 
quently necessary to take them out to the nearest second: when this is the 
case they are to be found m the following manner : 

To jhid the Logarithmic Sine , Tangent , Secant 9 Src. answering to a given 
Number of' Degrees , Minutes and Seconds . 

Find the log. sine, &c. answering to the given degrees and minutes as 
above, and take out from the proper column the difference of the adjacent 
logarithms to 100 seconds (marked at the top Diff. or D.) ; multiply this 
difference by the given seconds, and point off the two right hand figures in the 
product, then those remaining being added to the log. sine, tangent, or se¬ 
cant of the given degrees and minutes, or subtracted from the log. co-sine, 
co-tangent, or co-secant, will give the logarithm required. 

The differences to the sines and co-sines are set down on the right of their 
respective columns: the differences to the tangents and co-t&ngents being 
the same are placed between them; and the differences to the secants and 
co-secants being the same as those to the co-sines and sines, are to be takeu 
from the columns corresponding to the latter. 

EXAMPLE i. 

‘Required the Log. Sine of 32° 21' 45". 

The logarithmic sine of 32° 21' is - - - - - f}.72§42T 

The diff. corresponding to the log. sine of the given degrees and 1 

minutes is 332 ; this multiplied by 45 (the number of *e- V + 149 

conds) pointing off two figures, is - - - * j 

Sunnis the log. sine required - - - - - 9.723576' 


EXAMPLE II. 

Required the Log. Co-sine of 71° 4(7 25". 

The logarithmic co-sine of 71° 40' is * - - - 9.497^2 

The diff. corresponding to the log. co-sine of the given degrees 7 . 

amA «« Vmit(inlror) Ira O K oivmi . I ‘t&y 


and minutes ts^TS6; this multiplied by 25, gives 
Remainder is the log. co-sine required 


9497523 


SXAMVLt 
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EXAMfLB III. 

Required the Log. Tangent of 56°” 42' 20". 

The logarithmic tangent of 56° 42* is - 10.182516 

The corresponding diff. 459> multiplied by 20, gives - +92 

Sum gives the log. tangent required - 10.18260$ 

EXAMPLE IV. 

Required the Log* Co-secant of 65° 18' 23". 

The logarithmic co-secant of 65° 18' is - - - 10.041671 

The diff. corresponding to the sine of the given degrees and mi- 7 _ 

nutes is 97, which multiplied by 23, gives £ ^ 

Remainder is ^jbe log. co-secant required - - - 10.041649 

The logarithmic sines and tangents varying by great differences at the be¬ 
ginning of the quadrant, it has been thought proper for the sake of accu¬ 
racy, to give then! for the first and second degrees to every 10 seconds, with 
their mean differences in the right side columu; when, therefore the log. 
sine or tangent of an arch less than 2 degrees is required, it is to be taken 
out to the next less tenth second, and the opposite difference multiplied by 
the odd seconds; then the product, cutting off one figure to the right, is 
to be added as before. As the sme and tangent of an arch is the co-sine 
and co-tangent of the complement of that arch, the latter may be found 
when above S8 degrees in a similar way, taking the degrees from the bot¬ 
tom and the minutes from the right side* and observing to subtract the pro* 
portioual part, r 

EXAMPLE V. 

Required the Log. Sine of 1° 14' 43". 

The logarithms sine of 1° 14' 40" is - - - • 8.33681 

The corresponding diff. 971, multiplied by 3, gives - jJ +291 


Sum is the log. sine required 

, EXAMPLE VI, 

Required the Log. Co-sine of 89° 21' 25*. 
The logarithmic co-sine of 89° 21' 20" is - - - 

The corresponding diff, 1880, multiplied by 5, gives 

'Remainder is the log. ct^sine required 


8,337110 


$.05105* 
— 940 

8.050114 

« 


7 h find thcDegrecSy ]\limte$ y and Seconds % answering fa a given Logarithmic 

Swe, Ca-sine, &c. 

Find the'logarithm .next less to the given pne, if it be a sme, tangent or 
secant, or next greater if a co-sine, co-tangent, or co-secant, and note the 
corresponding degrees and minutes; then take the difference between the 
logarithm thus found and the given one, to which add too cyphers, and di- 
.vide that number by the difference to 100", the quotient will be the se¬ 
conds to be annexed to the degrees and minutes before found. 

P 2 EXAMPLE 
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EXAMPLE I. 

Required the Degrees, Minutes, and Seconds, corresponding to the Log. 

Sine 9.6.95476'. 

The log. sine next less to that given is 9*695450, answering to 59° 44'; 
the difference between this logarithm and the given one is 26, which, with 
two cyphers added, makes 2000 , and this divided by 36 * 8 , the diff. to 100 *, 
gives the quotient 7" to be annexed to 29° 44'; hence 29° 44' 7" are the re¬ 
quired degrees, minutes and seconds. 

EXAMPLE II. 

.Required the Degrees, Minutes, and Seconds, answering to the Log. 

Co-sine 9*560797. 

The log. co-sine next greater to that gi\cn is 9.56695 1 , to which an** 
swers 6s° 2T; the difference between this logarithm and the given one is 
154 which, with two cyphers added, mikes 15400; this divided by 531, 
the diff. to 100", gives the quotient to be annexed to 05° 21'; hence 
68 ° 21 ' 29 " are the required degrees, minutes and seconds. 

But if the logarithm next less or greater than the given one sbquld be 
found in the first four pages of the table, it will point out the degrees, mi¬ 
nutes, and nearest less tenth second ; then to find the odd seconds, annex 
but one cypher to the difference found as before, and divide by the differ¬ 
ence in the right side column. 

EXAMPLE. 

Required the Degrees, Minutes, and Seconds, answering to the Log. Sine 
> 8.421604. 

Here the next less logarithm is 8.421123, answering to 1 ° 30* 40": now 
the difference between this log. and the given one, with one cypher annex¬ 
ed, is 4810, which divided by the diff. 799, gives 6 " $ hence 1 ° 30' 4 6« 4 
are the degrees, &c. required. 1 

. TABLE XXVI. 

Natural Sines . 

In this table the natural sines are exhibited to every degree and minute 
of the quadrant, and arranged so that the degrees corresponding to the sines 
are to be taken from the top of the page with their minutes in the left side 
columns, and the degrees answering to the co-sincs from the bottom with 
their minutes in the right side columns; moreover, as they are given to six 
places of figures, the same rule with respect to the fifth figure must be ob¬ 
served when five only are required, as mentioned in the explanation to the 
two preceding tables. 

The natural sine or co-sine of any number of degrees, &c. more than 
90 , is the same as the natural sine or co-sine of its supplement, found by 
subtracting them from 180°; or the natural sine or co-sine of an arch 
greater than 90 ° is the natural co-sine or sine of its excess above 90 °, 



( 


7b 


Digitized by L,ooQle 



EXPLANATION OF THE TABLES* XXU 

To find the natural Sine or Co-sine of a given Number of Degrees , Minutes, 

and Seconds: 

Or, to find the Degrees, Minutes , and Seconds , corresponding to a given natu¬ 
ral Sine or Co-sine . 

These are to be found as directed for the logarithmic sines, &c. except 
that the differences to 100" are to be taken from the bottom of that column 
containing the given degrees in the former case, or the nearest. natural sine 
or co-sine in the latter. 


EXAMPLE I. 

Required the natural Sine of 32 3 21' 45", or its Supplement 147° 38' 15" 

The natural sine of 32° 21' is - - - - - 535090 

The difference at the bottom of the column containing the natu- 1 

ral sine of the given degrees and minutes is 409, this multi- > + 184 

plied by 45, pointing off two figures in the product, is - j 

Sum is the natural sine required - 535274 

EXAMPLE II. 

Required the natural Co-sine of 71° 40* 25", or 108° 19* 35". 

The natural co-sine of 71° 4<y is - - - - 314545 

The difference 460, multiplied by 25, pointing off two figures, is — 115 

Remainder is the natural co-sine required - 314430 

Example hi. 

Requited the Degrees, Minutes, and Seconds, answering to the natural 
! , Sine 495994. 

The natural sine next less to that given is 4959^4, answering to 29° 44'; 
the difference between this natural sine and the given one is 30, to which 
two cyphers being added, and that divided by 422, the difference at the 
bottom of the column, gives the quotient 7" to be annexed to 29° 44'. 
Hence 29° 44' 7", or its supplement 150° 15' 53", are the degrees, &c. 
required. 

EXAMPLE IT. 

Required the Degrees, Minutes, and Seconds, answering to the natural 

Co-sine 368805. 

The natural Co-sine next greater to that given is 368936, to which an¬ 
swers 68° 21'; the difference between this natural sine and the given one 
is 131, to which two cyphers being added, and that divided by 451, the 
difference found at the bottofn of the column, gives the quotient 29*. 
Hence 68° 21' 29", or its supplement, lll e 38' 31" are the degrees, &c. 
required. 

To find the natural versed Sine of a given Number of Degrees, Minutes , and 

Seconds . 

Jf the given arch be less than 90°, find its natural co-sine, which sub¬ 
tract from 1000000, and the remainder will be the natural versed sine re¬ 
quired. But if the given arch exceed 90 °, find the natural co-sine of its 

supplement, 
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supplement, which add to lOOOOOO, and the sum will be the natural versed 
sme required. 

EXAMPLE I. 

Required the natural versed Sine of 20° Sff. 

The natural co-sine of 20° 39' is 935752, which subtracted from 1000006^ 
leaves 064248, the natural versed tine of- 20° 39'. 

EXAMPLE II. 

Required the natural versed Sine of 146° 38' 40". 

The natural co-sine of 33° 21' 20" (the supplement of 146° 38' 40*) is 
835274, which added to 1000000, the sum 1835274 is the natural versed 
sine required. 

To find the Degrees , fyc. Corresponding to a given natural versed Sine . 

Take the difference between the given natural versed sine and 1000000, 
&nd the remainder will be a natural co-sine; the degrees, &c. correspond¬ 
ing to which, will be those required, if the given natural versed sine be 
less than 1000000, but if otherwise* it-will be their supplement. 

. EXAMPLE 1. 

Required the Degrees, &c. answering to the natural versed sine 09 * 965 . 

The above subtracted from 1000000, leaves 901035, which taken as a 
natural co-sine, corresponds to 25° 42' 20". 

EXAMPLE II. 

Required the Degrees, &c. answering to the natural versed Sine 1160172. 

Here 1000000 subtracted from the above, leaves 160172, which taken out 
as a natural co-sine, corresponds to 80° 46' 59"; therefore its supplement 
99° 13' 1" are the degrees, &c. required. 

TABLES XXVII, XXVm, XXIX. 

Logarithmic Solar Tables . 

These tables were first constructed by Mr. Douwes, Examiner of the 
Marine Cadets at Amsterdam, for the express purpose of finding the lati¬ 
tude by two altitudes of the sun and the elapsed time; but they are now ap¬ 
plied to several other problems in nautical astronomy: they were formerly 
comprised in .one table, but it has been thought more convenient to separate 
them, which we have here accordingly done. The logarithms in these tables 
being calculated to every 10 seconds of time, when the proportional part to 
odd seconds is wanted, it must be found by multiplying the difference be¬ 
tween the logarithms of the next less and greater tenth second by the odd 
seconds, and pointing off the right hand figure: or if the time answering 
to a given log. is required to the nearest second, the difference between the 
logarithms next less and greater to the given one must be found, likewise 
the difference between the first of those two logarithms and the given one, 
to which a cypher being annexed, and this divided by the first difference, 
the quotient will be the odd seconds. 


EXAMPLE 
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EXAMPLE I. 

Required the Logarithm answering to the half elapsed Time 1 h. 29 n»- 20 a. 

In table XXVII. and in the page with 1 hour at the top, opposite 29 
minutes, and in the column marked with 20* at the top, will be found 
0.42022, the logarithm required. 

EXAMPLE II. 

Required the Time answering to the Log. middle Time 4.92784. 

The log. mid. time next les9 is (T. XXVIII.) 4.92765 4.92765 

• - next greater is - 4.92833 given log. 4.92784 


Diff. 6$ Diff. 19 

The difference between the preceding log. (corresponding to 1 h. 40 in. 
10 s.) and the given one, with a cypher annexed, is 190 ; this divided by 
6*8, the difference between the two nearest logarithms, gives the quotient 
3*. nearly : hence the middle time required is 1 h. 40 m. 13 

EXAMPLE III. 

Required the Log. rising of 2 h. 55 m. 43 s. 

The log. rising of 2 h. 55 m. 40 s. (Table XXIX.) is - 4.44662 

The difference between the above log. and the log rising of 1 

2h. 55 m. 50 s. is 78, which multiplied by 3, and pointing > + 23 

■ off one figure in the product, is - - - - - j 

Sum is the log. rising of 2 h. 55 m. 43 s, - - - - 4.446*85 


EXAMPLE IV. 

Required the Time corresponding to the log. rising 4.73494. 

The log. rising next less is 4.73462 4.73462 

next greater is 4.73514 given log. 4.73494 

Diff. 52 Diff. 32 

A cypher annexed to 32, and that divided by 52, the quotient is 6». 
this added to 4 h. 11m. 10 s. the time answering to the next less log. 
gives 4 h. 11m. 16 s. the time required. ~ 


TABLE XXX. 

Correction of the Moon's apparent Altitude . 


* This table contains the correction to be added to the moon’s apparent 
altitude in order to obtain the true, being the parallax in altitude lessened 
by refraction, the former of which makes the moon appear lower, and 
the latter higher, than her true place: this correction is likewise used in 
♦educing the moon's apparent distance from the sun, or a star, to the true. 
The table is to be entered with the moon's apparent altitude to the nearest 
less tenth minute in the left side column, and the minutes of horizontal 
parallax at the top; the proportional part for the odd minutes of altitude 
may be found at the bottom of the page, observing that when the altitude 
is less than IQ degrees, to take the proportional part out with the nearest 
less tenth ®mrfte*df altitude at the side and the odd minutes at the top. 
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Xxiv. EXPLANATION «F THE TABLES. 

The proportional part answering to seconds of parallax is to be taken from 
the right hand part of the table opposite the nearest less tenth second 
and under the unit seconds. If the moon's parallax is less than 54 mi-, 
nates, Llie proportional part from the right hand side of the table, an¬ 
swering to the difference between the given horizontal parallax and 54 mi¬ 
nutes, is to be subtracted from the correction corresponding to the given 
altitude and 54 minutes. 


EXAMPLE I. 

Required the Correction corresponding to the Moon's apparent Altitude 
35° 44' and horizontal Parallax 56' 57"• 

Correction to alt. 33° 40' and horizontal par. 56 ' - - 45' 11 * 

Proportional part to 4' of altitude - - - — 2 " 1 , 

- to 57" of hor. par. - - - + 48 3 

Moon's correction required ------ 45 57 


EXAMPLE II. 

Let the Moon's apparent Altitude be 48° 36', and horizontal Parallax 
53' 40*, required the corresponding Correction. 

Correction to alt. 48° 3(7 and horizontal par. 54 ' - 34' 5G U 

Proportional part to 6 ' of altitude - - ■ - — 4" 7 _ __ 

- - - to 20 " of hor. par. - - - — 13 3 

Moons correction required ..... 34 39 


EXAMPLE III. 


Required the Correction corresponding to the Moon's apparent Altitude 
7° 36 7 and horizontal Parallax 6 o' 45". 


Correction to altitude 7° 30 and horizontal par. 6 (/ 
Proportional part to 6 ' of altitude - 
- to 45" of hor. par. - 


52' 35* 

+ 4 

+ 45 


Moon’s correction required 


53 24 


TABLE XXXI. 


Logarithmic Difference . 


The logarithms in this table are applied in several methods of reducing 
the apparent to the true distance, particularly in those of Mr. Pun- 
thorne's. They are to be taken out with the given degree of the moon's 
apparent altitude at the top, and the nearest less tenth second of horizon¬ 
tal parallax in the left side column ; the proportional part for the minutes 
of altitude, which is subtractive, is found by multiplying the difference to 
100 minutes, taken out of the right side column opposite the horizontal 
parallax, by the given minutes, and striking off two figures to the right; 
that answering to the odd seconds of parallax is found at the bottom part 
of the page under the given seconds, and is also subtractive. This loga¬ 
rithm is likewise to be further diminished by a number taken from the bot¬ 
tom of the page answering to the sun or star’s .altitude. The last correc¬ 
tion may be more exactly taken from tables XXXIL XXXJil* 

' * J - example 
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EXAMPLE. 

Required the Logaritliraic Difference corresponding to the Moon's appa¬ 
rent Altitude 45° 9', the Sun's apparent altitude 10° 14', and the Moon’* 
horizontal Parallax 57' 34". 

Log. diff. to moon’s app. alt. 45° and bor. par. 57' 30* 

The diff. 150, mult, by 9, gives the prop, part — 13 > 

Prop, part to 4" of horizontal parallax - — 6 > 

Correction for sun’s altitude 10° - - — 7 } 

Logarithmic difference required - 

TABLES XXXII, XXXIIL’ 

To correct the Logarithmic Difference . 

These tables are* intended to correct the logarithmic difference fbr the* 
sun or star’s apparent altitude, with which they are to be entered, and thd 
corresponding number subtracted from the logarithmic difference. 


is - £.995045 

- — 20 

9.995019 


TABLE XXXIV. 

Proportional Logarithms . 

These logarithms were first calculated by Dr. Maskelyne, in order to 
facilitate the operation of finding the apparent time at Greenwich, by com* 
paring the observed distance between the moon and the sun, 01 a fixed 
star, when reduced to the true, with those set down in the Nautical Al¬ 
manac, for every three hours of Greenwich time; and are likewise fre¬ 
quently applied in other calculations where sexagesimals are concerned.. 
The table is to be entered either with degrees and minutes, or hours and 
minutes at the top, and seconds in either side column. Thus the propor¬ 
tional logarithm of 0° 15’ 36", or 0 h. 15 m. 36 s. is 1.0621. . 

The proportional logarithm of any given number of seconds is found by 
subtracting its logarithm from 4.033424, which is the logarithm of the se- 
conds in 3 hours or degrees. 

TABLE XXXV. 

To correct the apparent Distance. 

This table contains a correction applied in reducing the apparent to the 
true distance by the approximate methods. It is to be entered with the t 
distance at the top or bottom and the moon's correction in altitude and 
in distance (or second correction) alternately, in the side column; the 
difference between the number of seconds thus taken out is to be added to 
the corrected distance when less than 90 °, or subtracted when above. 

EXAMPLE. 

Required the Correction corresponding to the Distance 70°, the Moon’* 

Correction in Altitude 36", and the Moon's Correctibn in Distance 13%' 

In the column with 70° at the top, and opposite 3 6” iti the side co¬ 
lumn is found 4*; again in the same column opposite 13* in the side co* 

E lurnii 
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EXPLANATION OF THE TABLES. 


lumn stands 1"; the difference of these two numbers of seconds, vis. 3*, 
is to be added to the corrected distance because it is less than 90 °. 

This table is somewhat altered from the original when the distance is 
above 90 °, (the seconds being the complement to 20 of those formerly 
given) in order to adapt it to an easy and general method of clearing the 
distance, by Joseph de Mendoza Rios, Esq. F. R. S. When his method 
is used, the seconds are to be taken out with the apparent distance at the 
top or bottom, and the moon's correction and difference of corrections in 
the side column. 

TABLE XXXVI. 

Equations to equal Altitudes . 

Observations of the sun taken when at equal altitudes, afford an easy 
End accurate method of ascertaining the time shewn by a watch at ap¬ 
parent noon, and from thence its error ; but since the sun changes his de¬ 
clination more or less during the interval between the corresponding alti¬ 
tudes, the middle of the times by the watch when they were taken, will 
not he that shewn by it when the sun passes the meridian ; and hence a 
correction, called the equation to equal altitudes, becomes necessary to 
be applied to the middle of the times, which may easily be computed by 
means of this table. 

The table is divided into two parts, the arguments of which arc the 
sun's longitude and the interval between the observations; the former to 
be taken from the top and the latter from the left side column, and when 
hese cannot be exactly found, proportional parts must be employed. 

The first part being found, its logarithm is to be added to the log. tan¬ 
gent of the given latitude, and the sum will be the logarithm of the re¬ 
duced equation; which is additive or subtractive according to the signs 
at the top of the column when the given latitude is north, but the con¬ 
trary to that expiessed by the signs when the given latitude is south. 

The second part is to be taken out in the same manner as the first, and 
is always additive or subtractive, as denoted by the signs at the top of the 
column from whence it was taken without any regard to the distinction 
of north or south latitude. 

The method of using this Table will be best understood by the follow¬ 
ing example, in which the proportional parts are taken from Table 
XXXIX. 4 

EXAMPLE. 

Let the Sun’s Longitude be VII signs 17° 45', the Latitude 57° 9 # N. and ' 
the Interval 5 h. 17 m. required the Equation to equal Altitudes. 

1st Part. ad Part. 

Equation to VII signs I 5 °& intrrv. 5 hours ia*.n - - - - a».8a 

Prop, part to dill’. .99 for sun’s long .2° 45' — .54 Diff. .01 foi sun’s long. a e 45' - 1 - .00 
- - to diff. .12 for time - 17 m. 4- .08 Diff. .07 for time - 17 m. — .06 

Equation to VII» 17 0 45'& interv. 5!). 17 m. 11.66 - - - - - a.76 

Lat. 57 0 9' - Tang. 10.18997 

Equat. first part - 11 *.66' - Log. 1.06670 

Red. equat. first part + IS. 06 - Log. 1.25667 

• sec. part + 2. 76 

Equation to equal alts. + 20.82 or 20 s . 49'" additive, because both parts 

are so. 
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EXPLANATION OF THE TABLES, 
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But if we suppose the latitude to be South, then the first part being 
subtractive, the difference of the two parts, 15».30, will be the equation 
to equal altitudes, and subtractive because the greater part is so. 


TABLE XXXVII. 


To reduce the Equation of Jime to any Time at Greenwich • 


This Table is to be entered with the difference between the equations of 
time, taken from page II. of the Nautical Almanac, for the preceding 
and following noons at the top, and the time from the nearest noon at 
Greenwich in the side column; the corresponding correction is then to be 
applied to the equation of time for the nearest noon, as directed at the 
head of the table. 

EXAMPLE I. 


Required the Equation of Time on December 3d, 1805, at 8h. 30 m. 
Greenwich Time. 

m. v. 

Equation of time for noon Dec. 3d by Nautical Almanac - 9 57.2 

Correction to difference 24.1, and time after noon 8 h. 30 m. - — 8.5 

Reduced equation of time - - - 9 48.7 


EXAMPLE II. 

Itequired the Equation of Time on April 8th, 1805, at l6h. 35 m. at 
St. Helena, in Longitude 5° 43' West. 

h. in. 

Time at St. “Helena - - - 16 35 

Longitude in time - - - + 23 W. 

1 6 58 
24 


Time before noon at Greenw. Apr. 9th 7 2 

m. s. 

Equifction of time for noon r. r ril 9th, by Nautical Almanac • 1 ’41 

Correction to difference 17.1, and time before noon 7 b. 2 m. • + 5 

Reduced equation of time - 1 46 


' TABLE XXXVIII. 

To reduce the Sun’s Longitude to Noon under a given Meridian • 

This Table is to be entered with the sun's longitude for the noon on the 
given day, taken from page IT. of the Nautical Almanac, in the top co¬ 
lumn, and with the ship's longitude in the side column; the correspond¬ 
ing correction is to be added to the sun’s longitude as above, when the 
longitude of the ship is west, but subtracted when east. 

£2 
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***LAliATlON O* mt TAttM* 

EXAMPtK. 

Required the Sun's Longitude at Noon on November 10th, 1805, in 
Longitude 2o° West. 

Sun's longitude Nov. 10th, by Nautical Almanac VII signs 17° 40' 50* 
Correction for longitude 2o° west - + 4 0 

Sun's reduced longitude - VII signs it 44 50 
TABLE XXXIX. 

Proportional Partsfor Equations to equal Altitudes . 

This Table is intended to facilitate the reduction of the equations to' 
equal altitudes contained in Table XXXVI.; it is tb be entered with the' 
difference between the two adjacent equations at the top, and the excess 
of longitude or time above the nearest less to that given in the above Table 
in the side column ; the proportional parts thus found are additive orsub- 
tractive according as the equations are increasing or decreasing. See the 
example to the explanation of Table XXXVI. 

TABLE XL. 

Latitudes and Longitudes* 

This Table contains the latitudes and longitudes, from the meridian of 
Greenwich, of the principal ports, harbours, capes, shoals, rocks, &c. in 
tbo world, divided into different heads, and arranged according to the 
country, sea, or coast to which they belong : the manner of finding any 
required place, supposing its situation nearly known, is so obvious that it 
needs no further explanation. 

The variation of the compass, as it stands at the present time, is occa¬ 
sionally inserted for the information of such persons as may not have an 
opportunity of finding it by observation. 

TABLE *XLI. 

Times of High Water . 

This table contains the times of high water at full and change, and the 
vertical rise of the tide*at spring tides, the names of the places being al¬ 
phabetically arranged. 


* The Author, impressed with the importance of this Table, has used every exertion to 
render it as complete and correct as possible, by consulting the works of the best Navi¬ 
gators and Astronomers, at the same time comparing them with the most accurate charts 
and surveys, and by procuring the assistance of his nautical friends, from whom it has 
received cmwiddrahlo improvements ^ so that he flatters himself the present Table may 
be esteemed not only the most extensive, but likewise the most correct of any hitherto 
published^ conscious, however, that errors must exist in a Table which depends on ob¬ 
servation, (although be trusts they are few and inconsiderable) be takes this oppor¬ 
tunity 4 of earnestly requesting the intelligent Mar ner to communicate to hint any 
hemay dfeeovor 1 ; for it is only 4 by the accumulated knowledge of such nfce* that wo 
0km hepeite fgmmsh perfection on hydrographical subjects* 

TABLE 
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TABLE L 

Difference of Latitude and Departure for £ Point. 


Dist Lat. Dep. 


1.8 
i-9 
*•9 
2.0 
2.0 

12.1 

12.1 

12.2 

12.2 
12.3 


12.3 

12.4 

12.4 

12.5 
254 .7| la *5 
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TABLE I. 

Difference of Latitude and Departure for J Point. 



Co 

















































































































































































4 TABLE I. 


Difference of Latitude and Departure for 1 Point. 
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TABLE I. 

Difference of Latitude and Departure for 2 Points. 



for 6 Points, 




























































































































































































































































































































































































































































































































I i 2 for 5 i Points. 





































































































































































> 2 TABLE I. 

Difference of Latitude and Departure for 3 Points. 


■Dist Lat. Dep.| Dist Lat. 1 Dep.j Dist Lat. Dep. jDist Lat. Dep ; Dist Lat. Dep. 



for 5 Points. 




































































































































































TABLE I. 

Difference of Latitude and Departure for 3 l Points. 


Dist Lat. Dep.||Dist| Lat. Dcp.l Dist Lat. Dep.l Dist Lat. Dcp.l Dist 


36.3 121 

36.0 122 


Ml 


13 10.4 

14 II. 2 


16 . 9 I 12.5 

7-7 

8.5 


24.9I i 8 - 5 || 9*1 73• 1 1 54-2 

54 - 8 

55 - 4 
56.0 
56.6 

2 I. 4 || 9^1 77 - 1 | 57 2 


39 31-3 23.2 

40 32.1 23.8 


41 32.9 


no 94.8 


3».7 125 


EES ; 


39-9 12 

40.5 12 


48-3 : 141 


59-c 159 
59.6 1or 


01.6 149-5 


222.5 165.0 


223 179.1 132.8 

224 179.9 * 33-4 

225 180.7 134.0 

226 181.5 * 34-6 

227 182.3 *35-* 

228 f83.1 135.8 

229 183.9 *3&. 4 

230 184,7 137. c 

231 r ^5 • 5 137 

232 186.3 138.2 

233 187.1 138.8 

234 187-9 139-4 

235 188.8 140.0 

236 189.6 140.6 

237 190.4 141. 


284 228 

285 228 

286 229 

287 230 
28K 231 
289 232 
29c 232 

29 1 *33 

292 234 
20 3 235 

294 236 

295 236 

296 237 

297 238 


3 168.6 
1 169.2 
9169.8 
7 I70-4 
5 i7!-o 
3 171-6 
1 172.2 
9 r 7 — 8 

7 * 73-3 
5 *73-9 
? *74-5 
1 *75-1 
9 *75-7 
7 176.3 
5 176.9 




240.2 175.1 
241.0 178.7 


for 4 ^ Points. 
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TABLE I. 

Difference of Latitude and Departure for 3 i Points. 



























































































































































TABLE L 

Difference of Latitude and Departure for 3 | Points. 


Lat. | Dep.|,Dist| Lat. Dep. 



o168.5 
7 169.2 

5 i6 9-9 
2 170.0 
9 171.2 
7 I7i*9 
4 172.6 
2 173.2 
9 173*9 

6 1746 


268 198.6 180.0 

269 199.3 

27c 200.1 181.3 


271 200, 

272 201. 

273 202, 

274 203. 

275 203. 

276 204, 
VI 205. 

278 206. 

279 206. 

280 207. 

281 208. 

282 208. 

283 209. 


2 188.7 
9189.4 

7 190.0 


29 » 

292 216 

293 217 

294 217 

295 218 

296 219 
29*7 220 

298 220 

299 221 
30c 222 


Di»tl Pep.I Lat. IIDistl Dep.l Lat. IIDistl Pep.I Lar. IIDistlDep.l Lat. IIDistl De 


t . 195.4 

4 196.1 
1 196.8 
8 197.4 
6 198.1 
3 198.8 
i 199.4 
8 200.1 

5 200.8 
3 201.5 




































































































































































































16 TABLE I. 

Difference df Latitude and Departure for 4 Points* 
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TABLE n. 

Difference of Latitude and Departure for 2 Degrees. 



*2 *2 2 >2 22 222 12222222222 [22 2 2 §©« §© 



































































































































































TABLE II. 19 

Difference of Latitude and Departure for 3 Degrees. 

























































































































































































































































































































































TABLE II. 

Difference of Latitude and Departure for 5 Degrees. 



tor 85 JJegrees. 






































































































































































































TABLE II. 

Difference of Latitude and Departure for 6 Degrees. 


Dep. Dist Lat.l Dep.liDistl Lat. Dep. 











































































































































































































































































































































































































TABLE IL 

Difference of Latitude and Departure ft>r 8 Degrees, 
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TABLE II. 25 

Difference df Latitude and Departure for 9 Degrees. 
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for 81 Degrees. 




























































































































































































TABLE I|, 

Difference of Latitude and Departureibr 10 Degrees. 






















































































































































TABLE II. 

Difference of Latitude and Departure for li Degrees. 


































































































































































TABLE n. 

Difference of Latitude and Departure for 12 Degrees. 


11 10.8 

12 II.7 

13 12.7 

14 13.7 


20.5 04.4 


29 28.4 

30 29.3 


39 3*1 

40 39.1 


14.3 129 

14.6 130 


151 I77.O 

l82jl78.0 

29 


27.2 

191186.8 39.7 251245.5 

* 7-4 

192187.8 39.9 252246.5 

27.7 

19^ 188.8 4 Q -1 253247.5 

27.9 

194189.8 40.3 254248.4 

28.1 

195 190.7 40.5 455 

249.4 

28.3 

196 191.7 40.8 256 

250.4 

28.5 

197 192.7 41*0 257 

251.4 

28.7 

198 193.7 4**4 45825*.4 

28.9 

199 194.7 41.4 459453.3 

29.1 

200 I95.6 41.6 260 

254.3 

29.3 

201 196.6 41.8 261 

255.3 


18.5 149M5.7 

18.7 150146.7 


97.8 20.8 


103 100.7 


45.0 09.6 


179 175.I 


237 231.8 

238 232.8 


288(281.7 


295 i88.6 

296 289.5 


|Distl Dep.l Lat. UDistl Dep.l Lat. IlDist 


for 78 Degrees. 

























































































































































































TABLE II. 

Difference of Latitude and Departure for 18 Degrees. 














































































































































































































80 TABLE II. 

Difference of Latitude and Departure for 14 Degrees. 


















































































































































































Cv-S* HO 





































































































































































































































































































































































































































TABLE II. 























































































































































TABLE. IL 

Difference of Latitude and Departure for 19 Degrees. 



DittlPep.ILat. UDigtlDep.lLat. l|DUt|DepJLat.IIDittl Dep.lLit.||DUt 





































































































































































































































































































TABLE II. 


37 


Difference of Latitude and Departure for 21 Degrees. 



for 69 Degrees. 



























































































































































































































































































































































































































































































































































































































































TABLE II. 

Difference of Latitude and Departure for 25 Degrees 












































































































































































































































































































































TABLE II. 

• Difference of Latitude - and Departure for 27 Degrees. 


43 
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TABLE II. 


, Difference of Latitude and Departure for 28 Degrees. 




























































































































































































TABLE. H. 45 

Difference of Latitude and Departure for CQ Degrees. 



for 6l Degrees. 
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TAbLE II. 


Difference of Latitude and Departure for 30 Degrees. 
















































































































































































































































































































































TABLE II. 

Difference of Latitude and Departure for 32 Degrees. 



for 58 Degrees, 
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52 TABLE II. 

Difference of Latitude and Departure for 86 Degrees. 








































































































































































































































































































































































































TABLE II. 

Difference of Latitude and Departure for 38 Degrees 


Dist Lat. 

1 00.8 

2 01.6 

3 02.4 

4 03.: 

5 03.9 

6 04.7 

7 05.5 

8 06.3 

9 07.1 
ic 07.9 

11 08.7 

12 09.5 

13 10. *2 

14 II. c 

15 II.8 

16 12.6 

17 13-4 

18 14.2 

19 i5*o 

20 15.8 

21 16.5 

22 17.3 

13 18.1 
24 18.9 
*5 19-7 

26 20.5 

27 21.3 

28 22.1 

29 22.9 

30 23.6 


Dep. Dist 


Lat. Dep. 

Distj Lat. 

Dep. 

48.1 37.6 

121 

95-3 

74-5 

48.9 38.2 

122 

96.1 

75 *i 

49.6 38.8 

123 

96.9 

n-i 

50.4 39*4 

124 

97-7 

76.3 

51.2 40.c 

125 

98.5 

77.° 

52.0 40.6 

126 

99*3 

77.6 

52.8 41.2 

127 

100.1 

78.1 

53 * 6 41-9 

128 

100.9 

78.8 

54-4 4*-5 

129 

101.7 

79*4 

55 -- 43 * 1 

130 

102.4 

80.c 

55-9 43*7 

* 3 « 

103.2 

80.7 

5 6.7 44-3 

132 

104.0 

81.3 

57*5 44-9 

133 r ° 4 *S 

81.9 

58.3 45-6 

134 105.6 

82. ^ 

59.1 46.2 

135 

106.4 

83/1 

59.9 46.8 

136107.2 

83-7 

60.7 47-4 

in 

ic 8 .c 

84.3 

61.5 48.0 

138 108.7 

85.0 

62.3 48.6 

139 IC9.5 

85.6 

63.0 49*3 

140 

no.3 

86.2 

63.8 49*9 

141 

hi.1 

~ W .£ 

64.6 50.5 

142 

hi.9 

87*4 

65.4 51.1 

143 

112.7 

88.0 

66.2 51.7 

! 144 H 3-5 

88 7 

67.0 52.3 

143 

II 4-3 

89.3 


IDistl Lat. I Dep.llDistl Lat. | Dep 


37.0 28.9 107 

37.8 29.6 108 

38.6 30.2 109 

30.4 30.8 iic 
4c.2 31.4 hi 
41.c 32.0 112 

41.8 32.6 113 

42.6 33.2 114 
43*3 33-9 LI? 
44.1 34.5 nr 

44-9 35 •*' lJ 1 

45.7 35.7 118 

46.5 36.3 119 

47-3 36.9 I2C 

Dep. | Lat. Dist 


53.6 147115*8 

54.2 148 116.6 

54.8 149 1 X 7 -4 
55.4 150 118.2 

56.0 151 119.0 

56.6 152 119.8 
57*3 153 I20 * 6 

57.9 154121.4 
58. s 155 122.1 

59.1 156122.9 
59*7 157 i- 3*7 

60.3 158 124.5 
61.0 159 125.3 

61.6 160 126.1 

62.2 161 126.9 

62.8 162 127.7 

63.4 16; 128.4 1 
64.c 164 129:2 J 

64.6 165130.01 

65.3 166130.81 

65.9 167 131.6 j 

66.5 i6x 132.4 1 

67.1 169133.21 
67*7 I 7 C i.U^c i 

68.3 17 1 i 1 34 .- 7 1 
69.0 1727135.5 1 

69.6 173(136.3 1 

70.2 I 74 |i 57 •, 1 1 

7b.8 1751157.9 1 

71.4 176(138.7 1 
72.0 177 130-5 1 
7*2.6] 178 140.5 1 

73.5 ( 179 141.T 1 

73.9 j m‘.s 1 

Lat. (Dist i/cp. 


181 142.6 hi.4 

182 143.4 112.1 

183 144.2 112.7 

184 i45*o 113*3 

185 145*8 113*9 

186 146.6 114.5 

187 147.4 115.1 

188 148.1 115.7 

189 148.9 116.4 

190 149.7 117.0 

191 150.5 117.6 

192 151.3 118.2 
195 152.1 118.8 

194 152 9 119.4 

195 153.7 I2Q * 1 

196 154.5 120.7 
x 97 155-2 121.3 

198 156.0 121.9 

199 156.8 122.5 

200 157.6 123.1 

201 158.4 123*7 

202 159.2 124.4 

203 160.0 125.0 

204 160.8 125.6 

205 161.5 126.2 

206 162.3 126.8 

207 163.1 127.4 

208 163,9 128.1 


209 164.7 

128.7 

210 

165-5 

129.3 

211 

166.3 

129.9 

212 

167.1 

130.5 

213 167.» 

131*1 

214 

168.6 

131.8 

215 169.4 132.4 

216 

170.2| 

i.W-o 

217 171-0 


218 

171.8 

134-2 

219 172.6 

134.8 

220 

173.4 135.4 

221 

1 1 74 • a 

136.1 

222 

174.9 136.7 

223 

175*7 

1 * 37*3 

224 

176*5 

137-9 

225 

177*3 

138.5 

22'; 

178.1 

339 -. 1 

227 

178,9 139.8 

228 

179*7 

140.4 

229 

180.5I 

141.0 

230 

181.21 

141.6 


241 189.9 14 8.4 
242190.7 149 -c 

243 191.5 149*^ 

244 192.3 150.3 

245 193.1 150.8 
246193.9 x 5 * *5 

247 194.6 152.1 
24b 195.4 152*7 

249 196.2 153.3 

250 197.0 153.9 

251 197.8 154-5 

252 198.6 155.1 

253 199.4 155.8 

254 200.2 156.4 

255 200.9 157.0 

256 201.7 157.6 

257 202.5 158.2 

258 203.3 x 58-8 

259 204.1 159*5 

260 204.9 160*1 

261 205.7 160.7 

262 20^5 161.3 

263 207.2 161.9 

264 208.0 162.5 

265 208.8 163.2 

266 209.6 163.8 

267 210.4 164.4 

268 211.2 165.0 

269 212.0 165.6 

270 212.8 166.2 


251 182.C 142.2 

232 182.8 142.8 

2 33 183.6 143.4 

234 184.4 I44*i 
-35 185.2 144*7 
22f 186.0 145:3 

I 237 l 86.8 I 45.9 
25 S 187.5 I 46.5 
259 188.3 l 47• 1 
240 189.1 147-8 

^Dist Dep.-Lat. 


271 213 

272 214 
*73 215 

274 215 

275 216 

276 217 

277 218 

278 219 

279 219 

280 220 

281 221 

282 222 

283 223 

284 223 
28s 224 

286 225 

287 226 

288 226 

289 227 

2Q0 228 

291 229 

292 23 O 

293 230 
291 23I 

295 232 

296 233 
-97 234 
-98 234 
-99 2 35 
3 °° 236 


6 166.8 

3 i 6 7*5 
1 168.1 
9 168.7 

7 169-3 

5 169-9 

3 170-5 

1 171.2 
9 171.8 

6 172.4 

4 173*0 

2 173.6 
o 174.2 

8 174.8 

6 175.5 

4 176.1 

2 176.7 

9 177-3 

7 177*9 

5 178.5 

3 179- - 
1 179*8 
9 180.4 
7 181.0 
5 181.6 

5 182.2 

G 182.9 

X '^3-5 

6 184.1 

4 184-7 


Digitized 

for 52 


IjDistl Dep.I Lat. 
J)egrees,.„ 



















































































































































































56 l'ABLE II. 

Difference of Latitude and Departure for 40 Degrees. 



for 50 Degrees 










































































































































































































TABLE II. 57 

Difference of Latitude and Departure for 41 Degrees. 





























































































































































































































































TABLE II. 

■ Difference of Latitude and Departure for 4S Degrees. 
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TABLE n. 

Difference of Latitude and Departure for 44 Degrees. 



Ter 46 Degrees. 


















































































































































TABLE II. 6J 

Difference of Latitude and Departure for 4.5 Degrees. 

Dist 

{Lat. 

Dep. 

Dist 

Lat. 

Dep. 

Dist 

Lat. 

Dep. 

Dist 

Lat. 

Dep. 

DLt 

Lat. 

Dep. 

1 

2 

3 

4 

5 

6 

l 

9 

IO 

00.7 

01.4 

02.1 

02.8 

03.5 

04*2 

O4.9 

05.7 

06.4 

07.I 

00.7 
01.4 
02.1 
02.8 
03.5 
04.2 

04.9 

00.4 

07.1 

61 

62 

A 3 

64 

65 

66 

u 

69 

70 

43-1 
43-8 
44*5 

4 £* 3 

46.0 

46.7 

47-4 

48.1 

48.8 
49-5 

43-1 
43*8 

44*5 

4 £* 3 

46.0 

46.7 
47-4 
48.1 

48.8 
49*5 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

85.6 

86.3 
87.0 

87.7 

88.4 

89.1 

89.8 

90.5 

91.2 

91.9 

85.6 

86.3 
87.0 

87.7 

88.4 

89.1 

89.8 

9°*5 

91.2 

91.9 

181 

182 
i»3 
184 
18s 
1 86 

187 

188 

189 

190 

128.0 

128.7 

129.4 

130. 1 

130.8 
i3i*5 

132.2 

132.9 
133*6 

134.4 

128.c 

128.7 

129.4 
i3°*i 

130.8 
i.U-5 
132.2 

132*9 

133*6 

134.4 

241 

242 

243 

244 

245 
24!' 

247 

248 

249 

2 50 

170,4 

171.1 
171.8 
17 2 *5 
173*2 
173*9 

174.7 
175*4 

176.1 

176.8 

170.4 

171.1 
171*8 

172.5 

173*2 

173*9 

174.7 
175*4 

176.1 

176.8 

ii 

17 

13 

14 

S 

*9 

TO 

07.8 

08.5 

O9.2 

O9.9 

10.6 
H-3 
12.0 

12.7 
13-4 
14* 1 

07.8 
08.5 
09 2 
0 9.9 

10.6 

“•3 

12.0 

12.7 
13-4 

14.1 

71 

72 

73 

74 

75 

76 

77 

78 

ll 

50.2 
50-9 
51.6 

52.3 
53*o 
53*7 
54-4 
55*2 
55.9 
59-6 

30.2 
5°*9 
51.9 

52.3 

53- o 
53*7 

54- 4 
55*2 

in 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

92.6 

93*3 

94.0 

94.8 

95 - 5 
96.2 

96.9 

97.6 

9«-3 
99.c 

92.6 
93*3 
94. c 

94.8 

95-5 

96.: 

96.9 

r: 

99-c 

1 9 1 

192 

19 a 

19-? 

195 

196 

197 

198 

199 

2CC 

135-1 

135*8 
136. s 
13/.2 
i37*9 

138.6 

m-i 

140.0 

140.7 
141.4 

i35*i 

135*8 

136-51 

137*2 

137*9 

158.6 
139*3 
140.0 

140.7 

141.4 

251 

252 
?55 
25-1 

255 

256 

257 

258 

259 

260 

177*5 

178.2 
178.9 
i79- ( ' 

180.3 
181.0 

181.7 

182.4 
183.1 

183.8 

177*5 

178.3 
178.9 

179.6 

180.3 
181.Q 

181.7 

182.4 
183.1 

181.8 

21 

22 

23 

24 

25 

26 

2 

29 

3° 

14-8 

15.6 

16.3 

17.0 

\ll 

19.1 
19.8 
20.5 

21.2 

14.8 
!5.6 
163 

17.0 

Wl 

19.1 

19.8 

20.5 

21.2 

81 

82 

«3 

84 

8< 

86 

8/ 

88 

89 

9° 

57*3 
58.c 

58.7 

59*4 

60.1 
60 8 

61.5 

62.2 
62.9 

63.6 

iu 

58.7 

60.1 

60.8 
61.5 

62.2 

62.9 

93.9 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

99-7 

100.4 

101.1 
ioj.8 

102.5 

103.2 
103.9 

104.7 

105.4 

106.1 

99*7 

ICO. J 

101.1 

101.8 

102.5 

103.2 

103.9 

104.7 

105.4 

106.1 

201 

202 
| 203 

204 

205 
206 
207 
208 

209 

210 

I42.1 
142.8 
143*5 
144*2 
145*0 

145*7 

146.4 
i47*i 
147.8 

148.5 

142.1 
142.8 
143.5 
144*2 
145*0 
!45.7 
146.4 

147*1 

X 

261 

262 
262 

264 

265 

266 

267 

268 

269 
27c 

184.6 

i 85-3 

186.0 

186.7 
187.4 

l8$.i 

188.8 
*89*5 
190.2 

190.9 

184.6 

'fe-3 

186,9 
186, j 
«»7! 4 
1K8.1 
188.8 
189.j 
190.2 
I 9o 1 9 

191.6 

192.3 

193*o 

193 <7 

194.5 
195.2 
195*9 

196.6 
197*3 
n»8.o 

31 

32 

33 

34 

35 

36 

ll 

39 

40 

21.9 
22.6 
23-3 
24.0 
24.7 

2 £’ 5 

26.2 

26.9 
27.6 

28.3 

21.9 

22.6 
2.3-3 
24.0 

24.7 

25-5 

26.2 

26.9 

3:5 

9 1 

9* 

93 

94 

9 > 

96 

97 

98 

99 

IOC 

64.3 

65.1 

65.8 

66.5 

67.2 

67.9 

68.6 
99*3 
70.0 
70.7 

94-3 

65.1 
6s.8 

66.5 

67.2 
67 *9 

68.6 
99-3 
70.0 
70.7 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

106.8 

107.5 

108.2 

108.9 

109.6 
no. 3 
III.O 

in.7 
112.4 

106.8 

107.5 

108. : 
108.1 

109. ( 

110.3 

III.C 

HI 7 

112.4 

113. j 

211 

212 

215 

214 

215 

216 
217 
218 
219 
22C 

149.2 

149*9 

150.6 

151*3 

152.0 

152.7 

153*4 
154.1 
154*9 
155.6 

149*2 

149.9 

150.6 
*51*3 
152.0 

152.7 

153*4 

154*1 

154*9 

155.6 

271 

272 

273 

274 

275 

276 

*77 

278 

279 

280 

191.6 

192.3 

193.0 

*93*7 

194.5 
195*2 
195*9 

196.6 
197*3 
198.0 

41 

42 

43 

44 

45 

46 

3 

49 

50 

29.0 

29.7 

30- 4 

31- i 

31.8 

32- 5 

33- 2 

33- 9 

34- 6 

35- 4 

29.c 

29.7 

30-4 
3 1 -i 

31.8 

32- 5 

33- 2 

33- 9 

34- 6 

35- 4 

101 

102 

103 

104 

105 

106 

107 

108 

109 
no 

71.4 

72.1 
72.8 
73*5 

74.2 

75-c 

1$ A 7 

76.4 

77.I 

77*8 

71.4 

72.1 
72.8 
73*5 

74.2 
75-° 

1 i ' 1 

76.4 
77.1 

JJA 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

113.8 
(114.6 

|“5*3 

116.0 

u9«7 

,117-4 

118.1 

118.8 

H9-5 

120.2 

113.8 

114.6 
115*3 
116. c 

116.7 

I3:i 

118.8 
119.5 
120.2 

221 

222 

223 

224 

225 
226 
227 

i 2:8 

229 

230 

156.3 

157*0 

157.7 

158.4 

159.1 

159.8 

160.5 

161.2 

161.9 

162.6 

156.3 

157.c 
I 57*7 

158.4 
>59* 1 

159.8 
160 5 
161.2 

161.9 
162.6 

281 

282 

283 

284 

285 
28C 

287 

288 

289 

290 

198.7 

199.4 

200.1 

200.8 

201.5 

203.2 

202.9 

203.6 
204.4 
205.I 

198*7 

*99*4 

200. J 

200.8 

201.5 
202.2 

202.9 

203.6 
204.4 

205.1 

51 

52 

53 

54 

56 

ll 

, g 

36.1 

36.8 

37.5 

3 .2 

3»-9 
39-6 
40.3 
41.0 
41*7 
4*. 4 

36. i 
36.8 

37.5 

38.2 
38-9 
39* 6 

40.3 

41.0 

41.7 

42.4 

111 

112 
H.3 

114 

115 

116 

\\l 

119 

120 

78.3 

79.2 

79*9 

80.6 
*i-3 
82.0 

82.7 
«3*4 
84.1 

84.9 

78.5 

79.2 

in 

S:J 

**•7 

83.4 

84.1 

849 

171 

172 

173 

174 

175 
179 

177 

178 

179 

180 

120.9 

121.6 

122.3 

123.0 

123.7 

124.5 

125.2 

m 

127*3 

120.9 
121, t 
122.2 
123.C 
123-7 
124*5 
125.2 
115*9 
126.6 
127*3 

231 

232 
235 

234 

235 

236 

237 

238 

239 
24c 

163*3 

164.0 

164.8 

165.5 

166.2 

166.9 

167.6 

168.3 
169.0 

169.7 

163.3 

164.0 

164.8 

165-5 

166.2 

166.9 
167.6 

168.3 
169.0 
.69.7 

291 

292 
393 

294 

295 

296 

297 

298 

299 

300 

205 . 8 

206.5 

207.2 

207.9 

208.6 

209.3 
nq.c 

210.7 

211.4 
213.1 

:cs .8 

206.5 

207 * 
207.0 

208.6 
209.3 
HO,q 
210. 
2 U *4 
2*2.1 

(Dist 

Dep. 

Lat. 

Dist 

Dep. 

Lat. 

Dist 

Dep. 

Lat. 

Dist 

Dep. 

Lat. 

Dist 

Dep. 

tat. 

| v . , . D| g ltlzectby •*' ; ‘-I 

1 c for 45 Degrees^ | 



TABLE III. 


MERIDIONAL PARTS. 


*3 13 

14 14 

*5 15 

16 16 


[9 19 

20 20 

21 21 

22 22 

2 3 23 

24 24 

25 2 S 

26 26 


30 30 

3 1 31 

32 3a 

33 33 

34 34 

36 $ 

% 3 

39 39 

40 40 

4 1 41 

42 42 

43 43 

44 '44 

U 8 

47 4 Z 

48 48 

49 49 
S° 5° 
Si 51 
5 1 5* 

53 S3 

54 54 

ss 5 5 

5 6 5 * 

57 

ss 58 

59 39 


60 120 

61 121 

62 122 

63 123 

64 124 

65 125 

66 126 

67 127 

68 128 

69 129 
“70 130 

7 1 131 

72 132 

73 133 

74 134 

75 135 

76 136 

77 137 

78 138 

79 139 
8c 140 

81 141 

82 142 


89 149 

90 150 

91 15* 

92 152 

93 *53 

94 154 

95 155 

96 156 

97 *57 

98 158 

99 *59 

100 16c 

101 161 

102 16: 

103 163 

104 164 
ios 165 

106 166 

107 167 

108 168 

109 169 
no 170 

111 171 

112 172 

113 *73 

114 174 

115 175 
1 r6 176 

IIT 177 

118 178 

119 179 


4 ° o° 6 r\ 

_I— I 

240 300 361 421 i 

241 301 362 4221 

242 302 363 423I 

243 3°3 3*4 424 

244 3°4 3*5 425 

245 305 366 426 
' 246 306 367 427 

247 307 368 428 

248 30H 369 429 

249 309 37c 43° 
25c 310 371 43 1 

251 3 11 372 432 

252 3 12 373 433 

253 3*3 374 434 

254 3*4 375 435 

255 3*5 37* 45* 

256 316 377 437 

257 317 37* 43* 
23* 3*8 379 439 

259 .U9 38c 44 ( 
26: 32c 381 441 

261 321 382 442 

262 322 383 443 

263 323 384 444 

264 324 385 445 

265 325 3S0 446 

266 326 387 447 

267 327 388 448 

268 328 389 449 

269 330 390 45° 

27c 331 39 1 451 

271 332 392 452 

272 333 393 453j 
1 273 334 394 454! 

274 335 395 455 1 

275 336 396 45 6 

276 33; 397 457 

277 338 398 45*| 
27* 339 399 459 
279 340 400 4*o 


y° I io'"| 1 r 1 1 - L | 13°| 14°| 15°| m 


341 401 461 

342 402 462 

343 403 463 

344 404 4<>4 

345 405 465 

346 406 466 

347 407 467 

348 4c8 468 

349 409 4*9 

_3_5£ 410 470 

351 ~4ri 471 

352 412 472 

353 413 473 
1 354 414 474 

355 415 47* 

356 416 477 

357 417 47* 

358 4T8 479 

350 419 480 
360 4-u. 481 


482 342 603 

483 543 *°4 

484 544 605 

485 545 606 
480 546 607 

487 547 608 

488 548 609 

489 549 

490 530 611 

491 551 612 

492 532 613 

493 553 *M 

494 554 *15 

495 555 616 

496 556 617 

497 557 *** 
49K 538 619 
499 539 62c 
50c 56c 621 
501 5* ; 622 
50: 562 623 
503 564 624 

.504 5*5 *25 
305 566 *26 

506 567 627 

507 568 628 
30S 3*9 629 

509 570 631 

510 571 632 

5 “ 572 *33 

512 573 634 

513 574 *35 

514 575 * 3 * 

5 1 5 57 * *37 
51* 577 * 3 * 
51 / 57 * *39 

518 579 640 

519 58c 641 

520 581 642 

$2r 582 643 
322 "5H3 *44 
523 584 *45 
5:4 585 *46 
523 647 

526 587 648 

527 588 649 

528 589 630 

529 59c 65 r 

53 c 59 1 * 5 - 

_53r 59: *53 

53 - 593 *54 

533 594 635 

534 595 * 5 * 

535 59 * *57 
53 * 597 * 5 * 

537 598 *59 

538 399 *60 

539 60c 661 
54c 601 662 
541 602 6*3 


063 723 
665 7 26 
696 727 

667 728 

668 729 
6*9 73 c 

670 731 

671 732 
*72 734 
673 735 
*74 73 * 
*75 737 
676 738 

*77 739 

678 740 

679 74 i 

68c 742 

681 743 

682 744 

683 745 

"**4 74 * 
68s 747 
*87 74 * 

688 749 

689 75 ° 
69c 751 
*91 752 
692 753 

695 754 
*94 755 

*95 75 * 

696 757 

*97 75 * 
698 739 

*99 7 *° 
70c 7*1 

701 7*2 

702 7*3 

703 7*4 

704 265 

705 7** 

706 7*7 

707 7M 
70H 7*9 

7°9 77 ° 
71a 771 

711 77: 

712 773 

713 774 
7 M 775 
7*5 777 

71* 77# 
717 7 Z 9 

;rX 780 
7 tV 7 |* 1 

7 10 7*2 

7 11 78.I 
7 “ 7 8 -» 
72.1 7 8 5 
724 7 86 


7«7 *48 

788 85O 

789 851 

790 852 

79 > 8 S.i 

792 854 

795 8 55 

794 8 S ( ' 

795 *57 

796 858 

197 8 59 

798 86c 

799 861 
80c 862 

801 863 

802 864 

803 863 

804 866 
80s 86; 
8c6 8*8 

~8c; 86 V " 
8c8 87c 

809 871 

810 872 

811 873 

812 874 

813 87s 
*15 876 

816 877 

817 878 

"Xi8~879 
819 880 
82c 882 

821 88s 

822 884 
82; 88< 
824 *8* 
82* 887 

826 888 

827 J89 
8:8 890! 
8:9 891! 
850 8921 
831 893J 
83: 894 

833 893I 

834 896 
83s 897 
8}6 898 

837 809 

838 QOO 

839 9OI 

840 902 

841 9O3 

842 904 

843 9OS 

844 90* 

845 9°7 

846 908 

847 9°9 


910 o 

911 1 

9i3 2 

9*4 3 

9*5 4 

916 5 

917 6 

918 7 

919 8 

920 9 

921 IO 

922 XI 

923 IS 

9 2 4 13 
92s 14 

926 15 | 

927 16 

928 17 

929 18 

_93C 19 

93 1 20 

93 2 21 

935 22 

934 23 ( 

935 2 4 
93* 2 5 
937 26 

93* 2 7 
9.>9 sH 
94i 29 

942! 3° i 

943 31 ; 

944 3 2 ! 
945) 33 I 
94* 34 I 

947 35 t 

948 3* 
94V 37 
95 c 38 

95 1 39 1 

95 2 40 

953 4i 

954 42 

955 43 
95* 44 
957 45 
95* 46 

959 47 

960 48 

9* 1 49 ; 

9*2 50 
9*3 5 1 
9*4 5* 
9*5 53 
9*6 54 
9*« 55 
9*9 5* 
97° 57 

971 58 

97 2 59 


’ 5° f (> c 7° io°l irl i2°| ta°f i4 0 |i3°| m 






TABLE III. 

MERIDIONAL PARTS. 


63 



•o oeii N § lo 0^-0 0*2 V^SmO o 00<» f C») M 














































































































































































































































































































































































































































































66 TABLE III. 

MERIDIONAL PARTS. 






















































































































































































































































































































































































































































































TABLE IX. 

sum’s declination for the Years 1802, 1806,1810, 1814. 


Q {South South South I North NorthlNorth North North North South South Southj ® * 



TABLE X. TO CORRECT THE SUN’S DECLINATION. 


When Decliii. 
is increasing, 


i add in W. Loug. ) 
l sub. in E. Long, j 


When Denlin. ( sub. in W. Long, 
is decreasing,^ add in E, Long. 































































































































TABLE IX. 

stm’i DECLTNAftoW for the Years 1803,1807,1$ll, l81o. 









TABLE X. TO CORRECT THE SUN’S DECLINATION. 


When Declin. 

\ add in W. Lour. I 

When Dt clm. 

f *ul>. in W. Long. 

is increasing, 
# * 

^ sub. in E. Lon- ) 

is decreasing, 

^ add in E. Long. 






























































































































































































































































































































































| TABLE XI. 


73 

sun’s richt ascension. 

“ " 1 




Days i Jan. I Feb. i Mar. I April iMuy j June i July j Aug. j Sept.i Oct. | Nov.. Dec.I Days 



TABLE XII. The Correction to be applied to the Time of High 
Water at the Full and Change of the Moon, to find the Time of 
High Water on any other Day. . i 


. . , r Aft. new Bef. first Afterfirst 

Intenralof Moon . Quar t e r. Quarter. 

Time.- 

add add add 




































































































































































































































































































































































































































































TABLE XIV. 


SEMIDIURNAL AND SEMI NOCTURNAL ARCHES* 

For finding the time of the rising and setting of the Sun, Moon* or Stf 
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78 TABLE XV. 

die sight ascensions and declinations of the principal fixed 
stars, adapted to the beginning of the year 1800. ! 


RIGHT ASCENSION IN 


C'onxteUations.Pr.Namcs. 


y Pegasus ...Afgenib .... 

« Piueuix. 

* Ursa Minor Pole Star ... 

8 Andromeda Mirach .... 

* R. EmhinusAchcmar ... 

« ARIETIS. 

o Cetus.... 

* Cetus. Menkar .... 

8 Perseus ...Algol .' 

tt Perseus. . 

* Taurua... .Aldebajun 

• Auriga .... Capelia .... 

# Orion. Rigel ...... 

8 Taurus. 

y Orion. Bcllatrix... 

) Orion.. 

« Columba............. 

•Orion. Betdgurse.. 

• Argo. Canopus .., 

tt Canis Major Sirius ..... 

$ Canis Major. 

»i Canis Major. 

a Gemini. ...Castor . 

« Canis Minnr/Vocyon ... 

8 Gemini... .Pollux. .. 

? Argo Navis... 

y Argo Navis. 

J Argo Navis ........... 

8 Argo Navis. 

a Hydra- Alphard _ 

• Leo. Regulus. . 

8 l'rsa Major.. 

« Ursa Major Dukhe ..... 

£ Leo. Dtneb ..... 

a Crux. 

8 Crux ...... 

« Virgo 4 ... .Spica. 

>i Ursa Major Benetnach .. 

8 Centaur.............. 

« Draco.[. 

a lJootc* .... Arcturus ... 
tt Centaur. 

• Libra. Zubenesch .. 

8 Libra ..... Zubenelg... 
a Corona Bor .Alphacca ... 

« Serpens. 

« Scorpio.... Antarfs. . 
a Hercules . .Ras Afgclki. 

« Ophiuchus. Ras Alhague 

y Drac o. Rostalan ... 

» Lyra. Vtga .‘ 

tt AqUILiE .. ALTAIR .. . 

« Pavo. 

8 Capricorhi. 

» Cvenus .. .Deneb . 

* Grux... 

tt Pise. AusCFoM ALH AUT 

8 Pegasus .. .Scheat . 

« Pegasus ...Marcai .. 
a Andromeda Alphrrqtz . . 


45*9 T4 4 
44.8 '43 
193*3 88 14 
49-5 *34 33 



4 *4 V 

5 * 56 
5 4 55 
5 13 39 
5 >4 -5 
5 21 48 
5 3* *5 

5 44 *1 

6 19 31 

6 3 6 20 

7 o 16 
7 16 11 

7 ar 49 

7 28 49 
7 33 3 

7 56 34 

8 3 »3 

8 39 ia 

9 10 59 
9 1 7 45 

9 57 42 

10 49 40 
10 51 16 
n 38 5° 
u 15 37 
1 a 36 10 
13 x 4 40 
13 39 39 
13 49 52 

13 58 59 

14 6 32 
14 a6 32 

14 39 50 

15 6 16 
15 26 13 

15 34 45 

16 17 10 

17 5 32 
17 25 39 

17 51 58 

18 30 10 

19 41 1 

20 9 44 
20 9 45 

20 34 37 

21 55 33 

aa 46 34 

22 54 5 

22 54 48 

23 58 4 


2.92 295 15 15 
4.84 304 25 59 
3.38 302 26 23 


3*33 ?4i 3* 24 

2.87 343 31 2a 
2.9 6 343 44 o 
3.06 359 31 5 


34 n 15S — a 

7 ai 27N + 1 

52 35 28S + i 

16 27 5S + 4 


0.4 ,38 36 14S + 2.C 

3.8 i 8 20 57N 4- 8.5 

2.6 '57 ai 35S —10.7 

115 24 7 s —10.7 

,44 34 aoN +12.5 

'44 55 8S —17.1 

130 40 36S —19.0 

26 59 57N +19.3 

14 7 5»* v +I9* 2 

*27 59 13N +20.0 






































































































TABLE XVI. 79 

For reducing the Time of the Moon's Passage over the Meridian of Greenwich to the Time 
of its Passage over any other Meridian. 


Daily Variation of the Moon’s passing the Meridian. 



IS® 

155 
160 , 

165 18 
170 19 
175 *9 


TABLE XVII. —Tocorrect the Mean Refraction. 



Height of the Thermometer. 


sub sub sub < 

3 " 7 " u* 


28 . 6 ) Dig 


Height of the Barometer. 


28° 

36° 

0 

? 

5 ^ 

add 

add 

add 


13 " 

8* 

4 " 

0 

12 

7 

3 

0 

IO 

6 

3 

0 

9 

6 

2 

0 

8 

5 

2 

0 

7 

5 

2 

0 

7 

4 

2 

0 

6 

4 

2 

0 ; 

"6 

4 

2 

0 

5 

3 

X 

0 

4 

3 

X 

0 

3 

2 

t 

0 

2 

X 

I 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 


13°*713°* 11 2 9 # 6'l 29*i| 28.6) 
Height of the Barometer. 

















































































80 TABLE XVIII. 

For Reducing Moon’s Declination to any given Meridian and to any Time under that Meridian- 
























































































































































































































































































































































































































































































TABLE XIX. 


8S 


FOR REDUCING LONGITUDE INTO TIME, AND THE CONTRARY. 















































































































































































































































































































































































































































86 TABLE XXII. 

Io reduce the sun’s right ascension to any given Meridian, and to any 
Time under that Meridian. * 


2h. | 3I1. 


SUNS RICHl ASCENSION. 

T 4 h. I 5*1. I 6I1. | 7!i 4 I Hh. 


e in. S. 

o ◦ o 
30 a 
604 
906 
11 o 7 
15 o 9 
*18 o 11 
21 o 13 
24 O 15 
27 o 16 
30 0 18 

33 0 20 
36 o 22 
39 o 24 
42 o 2$ 
45 o 27 
48 o 29 
51 o 31 
54 o 33 
57 o 35 
60 o 36 

63 o 38 
66 o 40 
69 o 42 
72 o 44 

75 o 45 
78 o 47 

51 O 49 

84 o 51 
87 o 53 
9 ° ° 54 

93 0 5 6 
96 o 58 
99 1 o 
102 1 2 
105 1 4 
108 1 5 
in 1 7 

114 1 9 
117 1 11 
120 1 13 

123 1 14 
126 1 16 
129 1 18 
132 r 20 
135 1 22 
13S 1 24 
141 1 25 
144 1 27 
147 1 29 
no r 31 

153 1 33 

156 1 34 


m. s. m. s. 
0000 
0202 
0404 
0606 
0808 

O IO O IO 

o 12 0 12 
o 14 o 14 

O 16 0 10 


m. 9. in. s. in. s. 
O O O O 0 O 
0 2 0 2 0 2 
O404O4 
o 60606 
0 8 0 8 0 8 
o 10 0 10 0 IO 
0 12 0 12 012 
o 14 0 14 0 14 
o 17 0 16 0 16 
0 19 o 18 o 18 
O 21 0 21 3 20 


165 I 40 

168 I 42 

171 I 44 
1 74 1 45 
*77 1 47 


o 56 0 58 
o 58 I o 

10 12 
12 13 
14 15 
1617 

1 £7 * 9 
1 9 1 11 
1 11 1 13 
1 13 1 15 

1 15 1 17 
1 16 1 18 
1 18 1 20 
1 20 1 22 
12: 1 24 
1 24 1 26 
1 26 1 28 
1 27 1 30 
1 29 1 32 
i 3 £ 1 j} 3 _ 
1 33 1 35 
1 35 1 37 
1 37 1 39 
1 38 1 41 
1 40 1 43 
1 42 1 45 
t 44 1 46 
1 46 1 48 
1 48 1 50 
li 49 1 52 


o 1 2 

2 1 4 
416 
6 1 8 
8 1 10 
10 1 12 
12 1 14 
14 t 16 

16 1 18 

17 1 20 

19 1 22 
21 1 24 
23 1 26 
25 1 28 
27 1 3 ° 
29 1 32 

3 1 * 34 
33 * 

35 1 3 # 
_ 37 _ * 4 ° 

39 * 42 
41 1 44 
43 1 46 

45 1 48 

46 1 50 
48 r 52 
50 1 54 
52 1 57 
54 1 59 
56 2 1 


1414 

1 6 t 6 

1819 
1 10 1 11 
1 12 1 13 

1 14 1 15 

1 16 1 17 
1 18 1 19 
1 20 1 21 
1 22 i 23 

1 23 1 25 
1 27 1 27 
1 29 i 29 
1 3 1 1 3 * 
1 33 1 34 
1 35 1 36 
1 37 1 38 
1 39 1 40 

1 41 1 42 

1 43 * 44 

1 45 I 46 

I 47 I 48 
1 49 I 50 
15 * 1 52 
1 53 1 54 
t 55 t 56 

1 57 1 59 
2021 

2 4 Ja 5 


icb. 

| 11I1. 

. III. s. 

Ill. s. 

0 0 

0 0 

0 2 

0 2 

0 4 

0 4 

0 6 

0 5 

* 7 

0 7 

0 9 

0 9 

0 11 

0 11 

5 13 

0 13 

^ 15 

0 14 

0 17 

0 16 

0 18 

0 18 

0 

0 

0 20 

0 22 

0 22 

0 24 

0 23 

0 2 ft 

0 25 

0 28 

0 27 

0 30 

0 29 

0 32 

0 3 i 

0 33 

0 32 

° 35 

0 34 

0 37 

0 36 

0 39 

0 38 

0 41 

0 40 

0 42 

0 41 

0 44 

0 43 

0 46 

0 45 

0 48 

0 47 

0 50 

0 49 

0 52 

0 50 

0 54 

0 52 

0 55 

HI 

0 57 

0 56 

0 59 

0 58 

1 1 

0 J 9 

1 3 

I 

* 5 

3 

1 7 

5 

1 8 

7 

1 10 

9 

1 12 

10 

1 14 

12 

1 16 

14 

1 18 

16 

1 19 

18 

1 21 

19 

* 23 

21 

1 25 

*3 

1 27 

25 

1 29 

27 

1 3 i 

28 

1 32 

30 

1 34 

32 

1 36 

34 

r 38 

36 

1 40 

37 

1 42 

39 

l 44 

•li 

1 45 

43 

I 47 

45 

r 49 

46 

1 51 

48 

























































































































































88 TABLE XXIII. 

«L. * 

Logarithmic sines, tangents, and secants, to every Point and 
Quarter Point of the Compass. 





0.000000 10.000000 
8.690796 9-999477 

8.991302 9.997904 

9.166520 9 - 995*74 


$.200236 9 - 99 J 574 
9*385571 9*9»6786 
9.462814 9.980885 
9.527488 9.973841 


#.<82840 9.96561s 
9.630992 9.956163 

9-673387 9-94543° 

9.711050 9.933359 


. 9-744739 
4 9.775027 
i 9-801359 
} ' 9.817084 


9.849485 


0.000000 Infinite. 10.000000 
8.691310 11.308681 10.000523 
9.993398 11.006602 10.002096 
9.17*1*247 10.828753 10.0047*6 110.8334 


9.298662 10.701338 10.008426 10.709764 7 
9.308785 10.601215 10.013214 10.614420 6 
9.481939 10.518061 10.010115 IO.537176 6 
9.553647 10.446353 10.026159 IO.472512 6 




IO.382776 

IO.325171 

10.272043 

10.222300 



10.417160 6 

10.360008 5 i 

10 .3266i3 5 l 

10.288950 5 | 


Co-sine. Sine. Co-tan 


10.175107. 10.080154 10.255261 5 

10.129801 10.095172 10.224073 4 | 

10.085827 10.111815 10.197641 4 4 

10.042705 10.130210 10.172916 4 ) 


10.000000 10.150515 10.150515 


Co-sec. Secant. 



TABLE XXIV. 


LOGARITHMS OF NUMBERS. 


Log. 1.000000———2.000000 


I.322219 
1.342423 
1.361728 
1.380211 
1.397940 


I- 4 I 4973 
1 . 43*364 
1 . 447*58 
1.462398 
1.477*121 


1.491362 

1.505*5° 

1 . 5 * 85*4 

1 * 53*479 

1.544068 


16 1.204120 36 1.556302 

17 1.230449 37 x. S 68*202 

18 *.155173 38 1-579784 

*9 *178754 39 *-591065 

20 1.301030 40 1.602060 











































































































TABLE XXIV. 


LOGARITHMS OF NUMBERS. 


Log. ocoooo-104110 

































































































































































































90 


TABLE XXIV. 

LOGARITHMS OF NUMBERS. 



190 

191 

192 

193 

194 

196 

197 

198 

199 

-7^754 
18105;, 
281,oi 

-S5557 

287802 

290035 

292256 

294466 

296665 

29885’: 

278982 

281261 

2835-7 

285782 

288025 

290257 

'-9247* 

294687 

296884 

299071 

200 

1 

301247 

101 

303196 

30341: 

202 

3°5351 

305566 

204 

507496 

507710 

204 

50965c 

3°9*43 

205 

4H754 

411966 

to 6 

313*67 

314073) 

207 

315970 

31618c] 

208 

518063 

518272 

209 

320146 

520554] 

'210 

52:21-) 

322426) 

21X 

3-42*2 

<24 <88: 

212 

3*6<50 

3265411 

*13 

32858: 

428585! 

214 

3}04M 

330617 

*T 5 

33243* 

33264c 

2l6 

354154 

534655 

217 

536460! 

< -,666c 

218 

33*450] 

45*656 

219 

340444) 

34004: 


0 1 

1 


279210 2794391-79^07 
281488 28171512819421 
283753 283979)284205 
286007 2862521286456) 
: 88473 | 288696 | 
2907O2| 290925 
29292O 293 14 I 
^ 949071 - 95^7 295347 : 
297104 297325I297542I 
299289 299507 1 299725 ' 

3OI464 30l68l 301898I 
3036 2X| 303844I304059I 
305 781) 305 996:306211 
307924I308137I30X35I 
3IO056!3IO26S|3I048/ 
312177 (312389:31:600 
.U4289I314499I314710 
516809) 


318481 


518689] <18898) 
3 20769! 3 20977 


H 


>-4899 


3308 T91331J22 I 
J U 342 333044 
'44856 U55056] 


322851)3 23040 


? <630; 
138855 

340841 


3370O0I 

449054 

<41049 


3-5105 

327155 
329194 
341225 
344246 
345 257 

<3720v 

'39255 
H* 23; 


279895 

282169] 

284431 

286681 

288920] 

29/147 

295363 
295567 
297761 
299943 
302/14 
304275 
306425 
308564 
510693) 
312812 
3U92 o| 
317018 
<19106) 
321184 


323252 
325310) 
327356 
32959* 
>31427 
343447 
34545*1 
337459 
339451 
341435 


280123) 

28239V 

284656 

286905 

289145 

291369) 

2935831 

2957*7 

-97979) 

300161 


302331 

304491 

306639) 

308778) 

310906 

313023 

31513°! 

31722 

5i93*4| 

321491 


32345* 

325516 

327563 

329601 

331630 

333649 

335658 

137659 

339650 

<41632 


6’ 


280351 
2826221 
28488; 
2871501 
289566) 
2915911 
2938041 
2960071 
2981981 
3003781 


302547 

304706 

306854 

308991 

311118 

313234 

.31534 

3 i 74 .< 6 | 

319522) 

42159* ! 

424665 

42572V 

527767 

429805 

441*32 

333*5° 
335 
337*5* 
339*491 
341*3° 


*59 3 


280578 

282849 

285107 

2**7354 

289589 

2918151 

294025 

296226] 

298416 

30059c 


502764 

504921 

307068 

309204 

31133^ 

313445 

31555° 

317645 

31973° 

32180c 


523*71 

525926) 

32797- 

340008) 

532044 

334051 

3605* 

33*05)- 

34004: 

34202b 


7 Dij 8 by 


280806 
284075 
28 v< 32 
287578 
289812 
292034 

294246I 

296446) 

298645 

<00814] 


228 

227 

226 

2^5 

223 

222 

221 

220 


302980) 

505156] 

307282 

4°94i/ 

<11542 

313656) 

31570c 

31785-1 

32201: 

424077 

526131 
<28176) 
<50211 
332 236! 
334255 
<56260 
<3**57, 
340246) 
<42125 


217 
216 
214 
213 
212 
211 
210 
200 
208 
2fc; 


90 ; 


206 

205 

204 

205 
202 
202 
201 
200 

$ 


le 


2 


3 


4 


.6 















































































_ : __I__1-- 

, 1342423 4426:0 H^i7k430MU3-*2|3434C9 343^ 6: .W«02 343999 3441^ 

344392 344589 3447 851 > 4 4 9 81 3 45 1 7 8:345 3 7 41545 5 7 c i 345 7 66 5459*2 34^57 
346353 346549 346744 346939i347 I 35!34/33-?3475 a 5 3477JO 5479 1 5 348*1° 

, 348305 548500 348694 3488 6 9[54*> c 8i54V-7 A 134947 2 154 7666 54986c 35°°54 
350-248 353442 350656 350829J351023I35.1216I35141C 551605 35 1 79° 35^989 
352182 352375 552568 552761 >52954l555 I 37|3. t 5339i35553- 353724 3539*6 
i 354108 354301 354495 354685 5548761555068 55 2 6c 355452 355643 355834 

1 356026 356217 >56408 356599 556790(556981 ,357 1 7 2 357363 557554 357744 

1 357935 558125 558316 558506 5586961558886 559 c 76 559266 559456 359646 

1 559835 360025 560215 360404 360593 1 '.6078^ 360972 361161 36135 0 361539 , 

r 361728 561917 562105 362294 362482 >62671562859 565048 5^3236 563424 

464612 364800 56598X 364176 564565 36455 1 364759 364926 565**5 36530 1 
. 465488 465675 36586: 566049 566256 566425 56661c 566796 366985 367169 

1 367456 467542 367729 467915 368101 468287 568475 368659 368844 369030 

, 469216 469401 369587 369772 369958 572143 37°3 2 8 37°5 I 3 370698 37°®^3 

, 471068 47125 4 371437 37*622 371800 57*99* 372175 57236c 37254-1 372728 

• 372912 373096 37328c 373464 373647 573»3* 374015 37419* 3743»2 374505 

374748 374932 3751x5 375298 575481 375664 575846 376029 576212 370,394 

i 476577 376759 376942 377124 377306 377488 37767° 577852 378034 578216 

1 *478598 47858c 378761 578943 >79*24 3793°6 37 9^8/ 379668 37984 9 380030 

r 48021148039:480573 580754 580954 3811*5 381296*58147(1581656 581837 

;,»:oi 7 Wi,7 .^-37/ 3»-557 3»-737 3»!9>7 3»3»>7 3*3*77 .i|345<* 3*3^6 

■ 584815 >85995 384174 584553 584533 58-1712 584891385070 585249 ^2 54 ; 8 

; 48s60*3 48478=; 484964 586142 586321 386499!586677 386856 387034 587212 

, ‘487 49c 487568 387746 587925 588101 >88279 388456 588634 388811 388989 

I 589166 589543 589520 389697 389875 .>90051 590228 390405 390582 3V°759 

\ 390935 59111*2 391288 391464 39*641 59*8*7 39*993 392169 39 2 345 392521 

■ 59269*7 592875 593048 393224 393400 39357*5*39375* 393926 394*oi 394277 

I 494442 394627 494802 494977 395*52 395326 3955 c * 39567639585° *>9®° 2 5 

1 496199 396374 590548 396722 396896 3970/C 3>7245 397918 397592 3977°6 

r 497940 498114 5982*7 .*98461 >98634 398808 398981399*54 599327 5995°* 

; ‘499674 499847 400020 400192 400365 400538 400711 40 883 401056 40*228 

[ *401400 401573 40174s 401917 402089 402261 402433 402605 402777 402949 

t 404120 404292 403464 403635 403807 403978 404149 40432c 404492 404663 

, 4048 44 40500s 405175 405346 405517 405688 405858 406029 106199 406370 

; 406540 40671c 406881 407051 407221 407391 407561 40773* 407900 408070 

> 408240 408410 408579 408749 408918 40908; 409257 409426 409595 409764 

' 409934 410102 410271 410440 410608 4*0777 410946 4*1*14 4*1283 4**45* 

l 41162c 411788 4110*6 412124 412292 41246c 412628 412796 4*2964 4*3*32 

I 4133004*5467 4*3635 ** >8c2 4*2970 4*4*37 4*4305 414472 4146394*4806 

r 414971415140 415^07 415474U15041415808 415974 4161414*6308 4*6474 

41604c 416807 416975 41713914*7306 417472 4*7638 4*7804 4*797° 4*8135 
. 418301 418467 418633 418798 418964 419*29 4*9295 419460419625 4I979 1 
I 419956 4:0121 4202'x'oj420451 420616 42Q781 420945 421110 42127; 421439 

, 421604 421768,421953:422097 422261 422426 422590 422754 422918 423082 

, 423:46 4234ioj425575l423737 423901 424064 424228 42439- 424555 4247*8 

> 4:4882 42004;.4252c" 425371 425534 425697 42586c 426023 426186420349 

■ 426511 426674U26836 426999!427161 427324427486427648427811 427973 

1 428155 428:9; 428459 4286:1 428782 428944 429106 429268 429429 42959* 

> 429752 129914(4 >0075 430236 4 >0398 45 0 559 13072c 430881 43*042 43*203 

r 431846 43:007 452167 432328 432488 432649 432809 

: 43:969(43 u29 433290 43345° *33610 43377° 43393° *34090 434*49 434409 

i 434569 434728 444888 435048 435 2 07 -43 5 3 6 6 4 3 5 5 26 435685 435844 436003 

I 436165 456522I456481 456640 436798 436957 437**6 43/275 437433 437592 

\ 437751 457929(438067 458:26 458384 43854: J38700 438859 439°*7 439*75 

i 45933s 4394911459648 439806 459964 440*2: 440279 44°43/ 440594 440752 

> 440909 ♦41066(4412:4 441381 44*538 44*695 44185: 44200-9 442166 442323 

* 442480 142656:442793 442950 443*°6 445:6;> 443419 443576 443732 443888 

1 444045 444201 444357*4445*5 444669 444825 44 4 98 * 445 * 3 7 4 4 5 * 93 445 4 48 

, 4456 4 44576c *45915(446071 4462:6 44/y8: 446557 44669: 446848 447°°3 

rt 1 J 2 I :> 4 •> (i 7 8 
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6o:o6c 602169 602277 602386 602494 60:603 602711 602819 602928 603036 
603144 603253 603361 603469 603577 603686 603794 6039*02 604010 604118 
604226 604334 604442 60455c 604658 604766 604874 604982 605089 605197 
005305 605413 605521 605628 605736 605844 605951 606059 606166 606274 
606381 606489 606596 606704 006811 606919 607026 607133 607241 607348 
607455 607562 607669 607777 607884 607991 608098 608205 608312 608419 
608526 608633 608740 608847 608954 609061 609167 609274 609381 609488 
609594 609701 609808 609914 610021 6101286x0234 610341 610447 610554 
610660 610767 610873 610979 611086 611192 611298 611405 611511 611617 
611723 611829 611936 612042 612148 612254 612360 612466 612572 612678 

~ 612784 612890612996 613101 613207 613313 613419 613525 613630613736 
613842 613947 614053 614159 614264 614370 614475 614581 614686 614792 
614897 61*5003 615108 615213 615319 615424 615529 615634 615740615845 
^ I 595° 610055 616160616265 616370616475 616580616685 616790616895 
617000 617105 617210 617315 617420 617524 617629 617734 6x7839 617943 
618048 618153 618257 618362 618466 618571 618675 618780 618884 618989 
619093 619198 619302 619406 619511 619615 619719 619823 619928 620032 
620136 620240 620344 620448 620552 620656 620760 620864 620968 621072 
621176 621280:621384 621488 621592 621695 621799 621903 622007 622110 
622214 622318 622421 622525 622628 622732 6228351 622939 623042 623146 
623249 623353 6:3456 623559 623663 623766 623869 623972 624076 6241^9 
624282 624385 624488 624591 624694 624798 624901 625004 625107 625209 
625312 625415 625518 625621 625724 625827 625929 626032 626135 626238 
626340 626443 626546 626648 626751 626853 626956 627058 627161 627263 
627366 627468 627571 627673 627775 627878 62798c 628082 628184 628287 
628389 628491 628593 628695 6287^7 628900 629002 629104 629:06 629508 

> 629410 629511 629613 629715 629817 629919 630021 630123 630224 630326 
630428 630530 630631 630733 630834 630936 631038 631139 631241 631342 
631444 631543 631647 63174!} 631849 631951 632052 632153 632255 632356 

1 632457 632558 632660 632761 632862 632963 633064 633165 633266 633367 


> 633468 633560 633670 633771 633872 633973 634074 634175 634276 634376 
634477 634578 634679 634779 634880634981 635081 635182 635283 635383 

; 635484 635584 635685 63578s 63s886 635986 636086I636187 636287 636388 

; 636488 636588 636688 636789 636889 636989 637089 637189 637289 637390 

637490 637590637690 637790 637890 637990 638090 638190 638289 638389 
, 638489 638589 638689 638789 638888 638988 639088 639188 639287 639387 

> 639486 639586 639686 639785 639885 639984 640084 640183 640283 640382 

610481 640581 640680640779640879640978641077 641176 641276 641375 

1 641474 641573 641672 641771 641870641970642069 642168 642267 642366 
1 642464 642563 642662 642761 642860 642959 643058 643156 643255 643354 

» 643453 643551 643650 643749 64*847 643946644044 644143 644242 644340 

644439 644537 644635 644734644832 644931 645029 6451:7 645226645324 
645422 645520 645619 645717 645815 645913 646011 646109 646208 646506 

, 64^)404 646502 646600 646698 646796 646894 646991 6470H9 647187 647285 

647383 647*481 647579 647676 647774 647872 647969 648067 648165 648262 

64836*0 648458 648555 648655 648750 648848J648945 649043 649140649257 
1 649335 649432 649530 649627 64972416498211649919 650016 650113 650210 
650307 650405 650502 650599 65069616507931650890 650987 651084 651181 
; 651278 651375 651472 651569 651666165176:1651859 651956 652053 652150 
1 652246 652343 652440 652536 652653 65273c 652826 652923 653019 653116 

> 653213 65330*; 653405 653502 655598 653695 653791 653888 653984 65408c 

654x76 654273 654369 654465 65456:654658 654754 65485c 654946 655042 

1 655138 655234 655331 655427 6555231655619 655714 65 581c 655906 656002 

; 656098 656194 656290 656386 65648116*56577 656673 656769 656864 656960 

657056 657151 657247 657343 657438 657534 657629 657725 657820 657916 

6580:1 658107 658202 658298 6585951658488 658584 658679 658774 658870 

» 658965 65906c 659155 659250 659346 659441 659536 659631 659726 659821 

659916 660011 660106 660201 660296 660391 660486 660581 660676 660771 

1 660H65 660960 661055 661150 661245 66x339 661434 661529 661623 661718 

) 66x813 661907 662002 662096 662191 662285 662380 662474 662^,6966^2663 
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TABLE XXIV. 

LOGARITHMS OF NUMBERS. 


No. 5 200- 


-S Hex? 


N't 


520 

5 2 1 
5^2 

523 

524 

525 

526 

527 

528 

529 


530 

531 

532 

533 

534 

535 

536 

537 

538 

539 


540 

541 

542 

543 

544 

545 

546 

547 

548 

549 


550 

55 1 

552 

553 

554 

555 

55 6 

557 

558 

559 


560 

561 

562 

563 

5^4 

565 

566 

567 

568 

569 


570 

571 

572 

573 

574 

575 

576 

577 

578 

579 


O 


/16003 
71683!' 
717671 
71850: 

7 J 933 1 
720159! 
7 2098*1 
721811 
722634 

723456] 


724276I 
7 25095 
725912 
726727 
727541 
728354] 

729165 

729974 

730782 

731589 


732394| 

733297 

733999 

348 oo 

735599 

73639 ^ 

1737193 

'737987 

*738781 

7395721 


740363 
74 II 52 
74i939| 
742725 
7435 IO | 
7442931 
745075 
745855, 
746634 

747412 


748188 
7489631 
749736 
750508 
751279 
752048 
751816 

753583 

754348 
755 112 


755875 

756636 

757396 ] 

758155 

758912 

759668 

760422 

761176 

761928 

762679 


O 


1 


716087 

716921 

717754 

718585 

7 i 94 i 4 | 

720242 

721008] 

721893) 

722716 

723538! 


724358 
725176 
725995 
7 2680*7 
727623 

728435 

729246 

750055 

730865 

732669! 


732474 

733278 

734079 

734880 

735679 

736476 

737272 

738067 

73886o| 

739651 


740442 

741230] 

742018] 

741804 

743588 

74437 

745153 

745933 1 

746712 

747489 


748266 

749040] 

749814 

750586 

751356 

752125 

752895 

7536601 

754425 , 

755189 


755951 

756712] 

757472 

758230 

758988 

759743 

760498 

761251 

762003 

762751 


1 


716170] 

717004 

717857, 

718668] 

719497 

720325 

721151 
721975 
722798 
7236K 

7 2444 

725258] 

726075 

7 26890] 

727704 

7:8516 

729327 

730136 

730944 

731750 

732555 

733358 

734159 

73496 o| 

735759 

736556 

737352 

738146 

738939 

739730 


740521 

741309 

742096] 

742882 

743 6 67 

744449] 

745231 

746011 

746790] 

747567 


748343 

749”8| 

74989 1 

750663 

75M33 

752202 

752970] 

753736 

754501 

75526; 


756027 

756788 

757548 

758306 

759063 

759819) 

60573, 

761326! 

762078) 

762829! 


3 


716254 

717088 

717920] 

718751 

719580) 

720407 

721233 

722058 

722881 

72370: 


724522 

72534 ' 

726156 

726972) 

727785 

728597 

729408] 

730217 

731024, 

731330 ) 

732635 

733438 

734240 

735 ° 4 ° 

735838 

736635 

737431 

738225 

739018 

739810 


716337 

717171 

71800^ 

718834 

719 6o 3 

72049° 

7213161 

72214c, 

722963 

723784 

7 24603 
725422 
726238 
727053 
72786* 
728678 
729489 
730298 
73 1 1 °: 
73191 


740599 

741388) 

742175 

742961 

743745 

744528 

745309 

746089 

746868 

747645 


748411 

1749195 

749968 

750740 

75151 ° 

752279 


732715 

735518 

73432 C 

73512 C 

7359*8 

736715 

7375 H 

7383 0 5 

739097 

739889 


740678 

74146/ 

742254 

743039 ! 

743823 

744606) 

745387 

746167 

746945 

747727 


[748498 

749272 

750045 

750817 

51587 

52350 


755047175312. 

'53815175388a 


7545/8 

755311 

756103 

756864 

757624 

758382 

.759139 

I759894 

760649 

761402 

,76115.1 

762904 


3 


754651 

755417 


759 i 8 

[75694c 

75770c 

758458 

759214 

|75997oj 

760724 

761477 

762128 

762978 


/16411 
717254' 
718086I 
718917 
719745 

720573! 
721398I 
7 22222] 

723045 

723866 


724685 

725503, 

726320] 

727134 

727948 

728759 

729570] 

730378, 

73x186] 

73 i 99 i 


732796I 

733598 
7344ooi 
735200] 
735998! 
736795 
7375 , 
738384 
739177 
7399681 


740757, 

741546] 

742332 

743118 

743902] 

744684] 

745465 

746245 

747023 

747800 


748576 

74935o| 

750123 

750894 

751664 

752433 

75320 . 

753966 

754730I 

755494 


756256 

757016 

757775 

75853. : 

759290] 

760045 

760799 

761552] 

762303 

76305 


5 


b 


716504) 

717.^1 

718169 

719000] 

719828 

720655 

721481 

722305 

723127, 

71.W8! 


7l47'>7 

71558.3 

726401 

727216] 

728029] 

728841 

729651 

730459, 

73X266] 

732072 


732876 

733679 

734480 

1735*79 

736078 

736874 

737670 

738463 

1739256 

740047 


740836 
741624 
742411 
743196] 
743980 
744762 
745543 
746323 
747101 
747878 


748653 

749427 

750200 

750971 

75 I 74 T 

752509 

753277 

754042 

754807 

75557°! 


75 6 332 

757092 

757851 

758609] 

759366 

760121 

760875 

761627 

762378) 

763128 

izeqtfy 



7 

8 

y 



716588 

716671 

7*6754 

83 


717421 

717504 

7*7587 

83 


718253 

718336 

718419 

83 


719085 

7'9 Ib j 

71924b 

83 


719911 

719994 

720077 

p 


720738 

720821 

720905 

83 


721563 

7H646 

721728 

82 


712387 

722469 

722552 

8a 


723209 

7*3291 

723374 

82 


724030 

724112 

724194 

82 


724849 

72493 1 

725015 

82 


725667 

725748 

72583° 

82 


726483 

726564 

726646 

82 


727297 

727379 

727460 

81 


728110 

728191 

718173 

81 


728921 

729003 

729084 

it 


719732 

729813 

719893 

81 


730540 

730621 

73070: 

81 


731347 

731428 

73*5°8 

81 


732152 

732223 

732313 

81 


732956 

733037 

733II7 

80 


733759 

733839 

733919 

80 


734561 

734640 

734720 

80 


735359 

735439 

735519 

8o 


73615; 

736237 

7.36317 

80 


736954 

737034 

737”3 

80 


737749 

737829 

7379°8 

79 


738545 

738622 

758701 

79 


739335 

7394M 

739493 

79 


740126 

740205 

740284 

79 


740915 

740994 

741073 

79 


741703 

741782 

741860 

79 


742489 

742568 

742647 

7 2 


743275 

743353 

743431 

7 ! 


744058 

744I3 6 

744215 

78 


744840 

744919 

744997 

7 5 


745621 

745699 

745777 

7 » 


746401 

746479 

746556 

7 ! 


747179 

747256 

747334 

7 2 


747955 

748035 

748110 

78 


748731 

748808 

748885 

77 


749504 

749582 

749659 

77 


750277 

750354 

750431 

77 


751048 

75H25 

751202 

77 


751818 

751895 

751972 

77 


752586 

752663 

75*740 

77 


753353 

75343° 

753506 

77 


754119 

754195 

754272 

77 


754883 

754960 

755036 

7$ 


755646 

755722 

755799 

76 


756408 

756484 

75656c 

7$ 


757168 

757244 

757320 

76 


757927 

758003 

758079 

76 


758685 

758761 

758836 

76 


759441 

759517 

759592 

76 


760196 

760272 

76034? 

75 


76095c 

761025 

761101 

75 


761702 

761778 

761855 

75 


762453 

762529 

762604 

75 


763205 

763278 

763353 

75 


LzJ 

8 

9 




4 
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No. 5X00 — 

—6400 




L <>%. 70,4 

ih - 

-8.16180 ] 

No. 

0 

1 

u 

3 

4 

6 

0 

7 

b 

*> 

iM. 


s8o 

763428 

763503 

7*3578 

7*365.1 

7*37:7 

763802 

764H77 

[7 639 s 2 

764027 

764101 

75 


5 *i 

76417^ 

7*4251 

7*4326 

76440 

7*4475 

7 * 455 ° 

764624 

764699 

7*4774 

76*848 

75 


582 

764923 

764998 

765072 

7 * 5 M 7 

765221 

765296 

765370 

7*5445 

76552c 

7*5591 

75 


583 

795669 

765745 

765818 

"6*892 

7 * 59 *' 

766041 

76611s 

176619- 

766264 

7**338 

74 


584 

766413 

760487 

766562 

766656 

7667 rc 

766785 

766H sol 7660 ^; 

767007 

767082 

74 


585 

767156 

767230 

7*7304 

7*7379 

7*7455 

7*7527 

76760! 

7 * 7*75 

7*7749 

-*7X4.1 

74 


586 

767898 

767972 

768046 

/68l 2 C 

7*8194 

768268 

7 * 8 .U' 

76K4U 

76849c 

7*85*4 

74 


587 

768638 

768712 

768786 

76886C 

7*8032 

76900S 

7690S2 

769156 

7 * 9 - 3 ' 

7*9305 

74 


588 

769.177 

7*9451 

7*9525 

769599 

7 * 9*73 

7 * 974 * 

7698:0 

7*9894 

76996S 

77004: 

74 . 


589 

770115 

770189 

770264 

77035 *' 

77041c 

770184 

770557 

770*31 

77070 S 

7-077X 

74 


590 

770852 

7709-6 

7 7°999 

77 ,0 75 

77114* 

771220 

7/1295 

7713*7 

7 / 144 C 

77*514 

74 


59 i 

7 7 1 5 ^ 7 

771661 

771734 

77180S 

771881 

771955 

77202V 

772102 

772175 

772448 

73 


59 2 

772322 

772395 

772468 

772542 

772*15 

77 **XX 

772 / 6 : 

772855 

77290 S 

77:981 

73 


593 

773055 

77 .H 28 

7732 °* 

773-7 4 

773348 

773421 

775493 

773567 

773*40 

773713 

73 


594 

77.17M 

775800 

77393 ; 

774006 

774079 

774152 

7742:5 

" 7429 * 

774371 

774444 

73 


595 

774517 

774590 

7746(1: 

77473 * 

774X0., 

774XN: 

77 4955 

77SO28 

775 IOC 

775*73 

73 


59 6 

775246 

775319 

77539 ' 

775465 

775558 

775 *i° 

7756x3 

775 7 5 * 

7758:9 

7759 ° 2 

73 


597 

775974 

77*047 

77 ** 2 : 

77*19.1 

776265 

7763.1X 

776411 

77 * 48 .; 

77 * 55 * 

7766:9 

73 i 


59 « 

770701 

776774 

776846 

77 * 9*9 

77*99: 

7770*4 

777157 

777209 

777282 

777354 

73 1 


599 

777427 

77749 > 

77757 : 

777644 

7777*7 

777/89 

777862 

777934 

778006 

77X079 

73 ‘ 


6oo 

778 r.S* 

778^4 

77x29c 

7783*8 

77844 * 

778513 

7 ? 8 s 8 s 

7 7 805 s 

77873° 

778802 

72 


601 

7788/4 

77»947 

779°*9 

779091 

779**5 

7-9-3* 

7 79.*°8 

77938 c 

779452 

779524 

72 


602 

779596 

779669 

779741 

779813 

779XX5 

779957 

780029 

780101 

780173 

780245 

72 


603 

780317 

78O38U 

780461 

780533 

780605 

tx-*;? 

780749 

780821 

7X0X93 

78096s 

72 ; 


60*4 

781037 

781109 

781181 

7812S1 

781324 

781396 

781468 

781540 

781612 

78168) 

72 


60s 

781755 

78 l 827 

78189;,, 

781971 

782042 

782114 

782186 

782258 

*82329 

782401 

7 * , 


6c6 

782475 

782544 

782616 

782688 

782759 

782831 

7829-2 

78:974 

785046 

7X3117 

72 


607 

783189 

78526c 

7X5352 

78.U03 

783473 

783546 

78 }6iX 

784689 

783761 

783832 

71 • 


608 

783904 

7 X 3975 

78494* 

784118 

784184 

784261 

784352 

7X440.1 

784475 

784546 

71 . 


609 

784617 

784689 

78176:; 

7X4831 

78190. 

784974 

785045 

785116 

785187 

785259 

7 1 , 


610 

78533 0 

7852OI 

■85472 

785S 4 1 

785615 

7856H6 

; 8 s 7 S 7 

785828 

785899 

785970 

71 


611 

786041 

789112 

-86187 

:«*2M 

78*525 

786596 

786467 

7 X* 33 X 

786609 

786680 

71 


612 j 

786751 

786822 

'86894 

;* 86964 

7 8 705s < 

1787106 

78717- 

78/248 

■7X7.119 

787390 

71 


613 

/ 874 "c 

787511 

7876 o: 

(8767: 

787744 ' 

'78781s 

78788^ 

787956 

71,80:7 

788098 

71 


614 1 

788168 

788239 

7*8510 

788481 

78X451| 

[788522 

;88sq; 

/K!»66} 

7887 ^1788804 

71 


615 

78S875 

788946 

08901^1 

089087 

789157 ' 

789228 

789290 

789469 

78944c 

789510 

71 


616 

789581 

789 '> 5 I 

7X9722 

789792 

789863! 

789935 

7900c; 

79 (X) 74 

790144 

790215 

70 


617 

790 : 8 ; 

7903 M* 

790426 

790496 

:OC567 

790637 

79070; 

790778 

790848 

790918 

70 


618 

790988 

79105 9 

79*129 

79 r199 

791269 

79 T 34 ° 

79141° 

7914X0 

79 r 55 ° 

791620 

70 


619 

79 l' M )» 

7917 *? 

79132 i| 

791901 

79*97 * 

792041 

79211 * 

792181 

79225: 

79 2 322 

70 


620 

7 V : 39 : 

79246 :j 

: 92552 t 

*0:6 c: 

79267: 

7 9274 : 

79*812 

792882 

792952 

793022 

70 


621 

793'9 ? ! 

79 3 t6?| 

79524.11 

*<»; 401 

79437 * 

79544 * 

79 * 51 * 

793581 

795 * 5 * 

793721 

70 


622 

79379 '! 

79386 : 

7939 /-° 

7 9100- 

794 °/' 

794139 

794209 

794-79 

794349 

794418 

70 


623 

/94488I794558 

’ 94 * 2 ; 

794*97 

7947*7 

794856 

794906 

79497 * 

795045 

795*15 

70 


624 

79518 ; 

795 -54 

295324 

795393 

79.S465 

795552 

7956c: 

795671 

79574 * 

795811 

69 


62s 

795880 

795919 

790019 

796088 

79*158 

79*227 

79629; 

796566 

796436 

79 * 5°5 

69 


626 

79*574 

79**44 

‘ 9 * 7*3 

796782 

796852 

796921 

796990 

797060 

797129 

797198 

69 


627 

79726S 

1 97337 

797406 

79747 / 

797545 

797*14 

797 * 8 ; 

■9775 = 

797821 

777X90 

69 


628 

797960 

798021) 

*98098 

79X167 

79823' 

798305 

798374 

79844.1 

798512 

79858: 

69 


6:9 

79 » 6 sr 

79872c 

798789 

798858 

798927 

798996 

799065 

796 * 3-1 

799203 

799272 

*9 


630 

799341 

799409 

799478 

799547 

799*** 

799685 

799754 

7998 :; 

79989: 

799961 

69 


631 

800029 

800098 

800167 

800246 

800305 

800373 

800442 

800 S I T 

800580 

800648 

69 


632 

800717 

800786 

800854)800925 

800992 

801060 

801129 

SOIIqX 

801266 

801335 

69 


633 

80I40.J 

X01472 

8015411801609 

801678 

801747 

801815 

801884 

801952 

802021 

60 


634 

80208) 

802158 

802226180229s 

802363 

802432 

80250c 

802568 

802637 

802705 

68 


635 

802774 

S02842 

802910)802979 

803047 

803116 

803184 

8032 .S 2 

803321 

X033X9 

68 


6*6 

803457 

803525 

803594803662 

803730 

803708 

803867 

8°3935 

X04003 

804071 

68 


f .<*37 

804139 

804208 

804276 

804344 

804412 

804480 

804548 

804616 

804685 

804753 

68 


638 

804821 

804889 

804957 

805025 

805093 

3 osi 6 i 

805229 

805297 

8053*5 

8054.13 

68 


639 

8O5SOI 

805569 

805637 

805705 

805773 

805841 

805908 

8OS976 

X06044 

806112 

68 



Q 

1 

2 I 


Of 


mi 

m 

8 

9 




. 


Digiti: 
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TABLE XXIV. 


LOflAfltlVftMS OF NTTMBERS. 


No. /boo--'JlOO . . . . l.ng. -91.3X11 


No, 

0 

1 

■ 

4 

3 

4 

0 

a 

7 


y 

Diff. 

760 

880814 

880871 

8809-28 

880985 

881042 

881099 

8X1156 

8X121; 

88127c 

881328 

57 

761 

881385 

881442 

881499 

881556 

881613 

881670 

881727 

88178*4 

8X1841 

881898 

57 

7 $» 

881955 

882012 

882069 

882126 

8X2185 

88224c 

882297 

882354 

882411 

882468 

57 

7^3 

882524 

882581 

88:648 

88269s 

S82751 

882809 

882866 

8829:5 

88298c 

383037 

57 

164 

88409; 

88.41 SC 

883207 

883264 

K83321 

883377 

X83434 

885491 

883548 

8H3605 

57 

765 

883661 

884718 

883775 

883832 

885888 

885945 

88400: 

8840S9 

884ns 

884172 

57 

766 

884229 

88428s 

884342 

884399 

884455 

SX4512 

484569 

884625 

884682 

884739 

57 

7*7 

884795 

88485: 

884909 

884965 

58 so:2 

585078 

885135 

885 Up 

885248 

8Ks;os 

57 

768 

885361 

885418 

885474 

885531 

88ss8; 

885644 

885700 

**5757 

38 s 8 i ; 

885870 

57 

769 

M5926: 

885985 

886039 

886)096 

8861-52 

886209 

886265 

886)321 

886373 

886434 

56 

770 

886491 

886547 

886604 

88661k 

886716 

88677 ? 

886829 

88638 s 

886)942 

8X6998 

S6 

77 1 

887354 

887111 

H87167 

88722- 

88728c 

887336 

XX 739 - 

SK7449 

88;>os 

887561 

56 

772 

887617 

S87674 

887730 

887786 

88784: 

887898 

887955 

888011 

888067 

888123 

s6 

773 

888179 

8882-; 

888292 

88X348 

WX404 

88846)0 

H88SI6 

888575 

888629 

88868s 

56 

774 

888741 

88879; 

8188853 

88X909 

888965 

889021 

<*>P 77 

8X91.U 

88,; ry: 

889246 

s6 

775 

889402 

s892.sK 

889414 

88947c 

889526 

88958: 

889638 

8X9694 

889/50 

S89806 

5 « 

776 

889862 

889918 

889974 

89003c 

890086 

890141 

*'P <97 

8902s: 

<890309 

8<>o 16s 

5 * 

777 

890421 

890477 

890533 

8905X9 

970644 

89070c 

890756 

800X1: 

890868 

-90924 

5 * 

778 

890980 

891055 

891091 

891147 

891205 

891-59 891314 

391^70 

891>26 

A91482 

5 * 

779 

891537 

S9159; 

191644 

891705 

59176c 

891816 

8918-2 

X9I92H 

891985 

^920.39 

56 

780 

892095 

X9213: 

892206 

49:262 

*p .’,<7 

89257: 

3924 2 V 

892484 

892540 

' s 9=595 

5 * 

781 

892651 

892707 

X92762 

89:81* 

X‘):S 7 .i 

89:9:9 


* 93 ° 4 - 

8*) 3096 

893151 

<6 

7S2 

893207 

895262 

89331K 

893375 

S 95 P<., 

O.i <*4 

89354: 

‘>93595 

* 9 /' 5 > 

893706 

j* 

783 

89376: 

893817 

893»73 

89592* 

695984 

894039 894094 

89415c 

H942OS 

894261 

55 

784 

« 943 l6 ;^ 9437 i 

894427 

89448: 

•$94558 

394595 

894*4X1X94704 

<94759 

894814 

55 

785 

894870 

894925 

594980 

89 so-;6 

595:91 

,89s I46''895 201'X95 25 7 

8953 I 2 

*95367 

55 

786 

895423 

,895478 


895588 

^>5645 

895 ^ K >9 X9 5 7 5 4! X 95 X09 

895864 

895920 

55 

787 

895975 

8960 40 

896085 

896140 

896195 

X96:s1 

3 *) 6 >-061896)361 

896)416 

896471 

55 

788 

896526 

896581 

896656 

8966x72 

H96747 

896802 

896857JX96912 

896967 

8970:2 

55 

_789 

897077 


897187 

817724: 

S9719; 

> 9735 2 

X97 V '7 

897-16: 

*97557 

*97572 

55 

790 

897627 

897682 

<*)7737 

897792 

X97X4/ 

,979c : 


898012 

8980(1; 

*9X122 

55 

1 791 

898176 

898241 

898:^. 

898541 

898596) $98 i s 1 

8985:6 

,98561 

898615 

898670 

55 

792 

898725 

89878c 

8988 !< 

898,890 

89694] 

898994 

89905 11899107 

899164 

899218 

55 

! 793 

899:75 

399328 

8'WSV 

899437 

899492 

■399547 

8996:: 

399656 

*> 997 11 

899766 

55 

7/4 

899820 

3998 ;S 

"W 93 -, 

899985 

90005c 

*700094 

900149 

900 20• 

900:58 

900312 

55 

795 

900567 

9OO422 

7 « 

>0053 1 

9005X6 

90064- 

900695 

9CO749 

9C0X04 

900858 

55 

796 

9009 1 3 

9OO968 

901022; 

901077 

901131 

90118c 

901240 

901:95 

pi 34 V 

901404 

55 

797 

901458 

90 I 5 I 3 

901567 ; 

90162: 

901676 

9 OI 73 I 

901785 

9O184: 

901894 

901948 

54 

798 

902005 

902057 

9'02I I 2 

90 2 T 6)0, 

902221 

‘>02275 

902329 

9023X4 

902438 

90249= 

54 

799 

9° 2 547 

90260 1 

'./O2655 

170271c 

•>02764 

90:818 

902875 

9029:7 

<>02981 

903056 

54 

800 

903090 

'A 4 U 4 

40519SI 

905255! 

•>03507 

903361 


«P 347 - 

9035=4 

9 0 5573 

54 

801 

90363 2 

90.468? 

9 ° 574 l 

v °3795 

903844 

903905 

■p.w* 

*>0401: 

904066 

(>04120 

54 

802 

904174 

904228 

904285 

9°4557 

924391 

9°4 445 

404499 

W 553 

904607 

<>04661 

54 

! D3 

904715 

904770 

'>048:4! 

904878, 

904932 


4O5O4C 

905094 

905148 

905202 

54 

804 

905256 

9053 IC 

905364 

4054181 

9 C 547 * 

90S 5 26’ 

)05S8o 

9 ° 563 -l 

905688' 

905742 

54 

80s 

905796 

/C5.S5C 

405904 

90595X1 

90601: 

*70606^ 

9061I9 

9^175 

906227 

906281 

54 

806 

906335 

906389 

906443 

90649] 

906550 

906)604 

90665'; 


906766 

<>06820 

54 

807 

906873 

906927 

90698 I 

907055 

907089 

9O7U- 

907196 

4072 SC 

907304 

9°7353 

54 

808 

907 wi 

907465 

907519 

9°7573 

907626 

90768: 

9^7734 

90/787 

907841 

907895 

54 

809 

907948 

908-00: 

908056 

•,oX 1 ci/ 

90X1615 

9:8217 

908:7c 

408524 

908378 

908431 

S 4 _ 

8io 

938485 

998539 

40859: 

>08646 

9^X691 

‘P< 75 .- 

9088:; 

9 0881K 

9:8914 

<>089671 

54 

811 

909021 

>09074 

9091:8 

9091XJ 

40925c 

909:881 ;-'-> 34 : 

9 C 9595 

909449 

v 09So: 

54 

812 

909556 

•/O9609 

9O9665 

4:9716 

90977c 

10982. 

•P ‘) x 77 

90995c 

<>099X4 

910057 

53 

! 13 

910090 

910144 

;10U>7 

910:51 

91050; 

9 10358 

9 I 0 ]I I 

910464 

>10518 

910571 

53 


910624 

910678 

MO731 

>10784 

410838 

91-X9’ 

9109 U 

<>10998 

91IOS1 

9T1104 

53 

815 

911158 

911211 

9II26] 

> 115*7 

9 ** 37 1 

9114:4 

9 1 i >77 

9 H 5 .r 

9x158.: 

911637 

53 

816 

911690 

9 ”745 

9”797 

91 185. 

91190. 

91195^ 

912009 

91:065 

912116 

912169! 

53 

817 

91222: 

912275 

912328 

91:581 

912455 

9124S8 

•>i 2511 

41:594 

912647 

9127 0 

53 

818 

912755 

91:8c6 

•> I 28 ; r . 

91:914 

912967c 

>15:1*. 

>To 7 : 

<> 15145 

913178 

913231 

53 

•819 

913*34, 

>133321 

il 53 (,o r ii ; > 445 

91549-' 

'>13549 

9156... 

413655 

9I370S 

913761 

53 

- 

0- 1 

1 1 

S-J 

.j. 

- 4 . 

.5 . 

IToTI 

_7 

g't'gd by 

nP°l 










TABLE XXIV 


LOGARITHMS OF NUMBERS 


913814 913867 9 ! 39 2 ° 9*3973 9 X 4°26 914079 914131 914184 914237 914290 
9 1 4343 9I439 6 9 1 4449 914502 914555 9 j 46o8 914660 914713 914766 914819 
914872 014925 914977 9 X 5°3 0 9 1 5083 915136 915189 915241 915294 9I5 U7 
915400 VZZZ U Vi *— y - Z'-'-T - a K 

9 X 59 2 7 9 X 59^° 916033 916085 916138 916191 916243 916296 916349 916401I 


915400 915453 915505 915558 915611 915664 9 x 57i6 915769 915821 915874 53 
9 X 59 2 7 915980 916033 916085 916138 916191 916243 916296 916349 916401 5 3 

9 1 6454 916507 916559 916612 916664 916717 916770 916822 916875 916927 53 

916980^17033 917085 917138 917190 917243 917295 917348 917400 917453 53 

9*7505 9*7558 917610 917663 917715 917768 917820 917873 917925 917978 52 

918030 918083 918135 918188 918240 918292 918345 918397 918450 918502 52 

918555 918607 918659 918712 918764 918816 918&69 918921 918973 919026 52 

919078 919130 919183 919235 919187 919340 919392 919444 919496919549 52 

919601 919653 919705 919758 919810919862 919914 919967 920019 920071 52 

920123 910175 920228 920280 920332 920384 920436 920489 920541 920593 52 

920645 920697 920749 920801 920853 920906 920958 921010 921062 921114 - 52 
921166 921218 921270 921322 921374 921426 921478 921530921582 921634 53 

921686 921738 9217901921842 921894 921946 921998 922050921102 921154 53 

922206 912258 912310(912362 912414 922466 921518 922570 922612 922674 53 

912725 922777 9228291922881 922933 921985 923037 923088923143923192 53 

923244 9 2 3 2 9 ^ 9 2 3 . 14 H 913399 913451 9 2 35°3 93.1555 9 2 36o7 913658 923710 53 


928396 928447 9 2 W 938549 9 2 86oi 928632 928703928754 92880^928856 


O ol ' ' v 910757 920005 920050 51 

18908192895^92OO 1C 929061 929H2 929163 929214 929266929317 929368 5T 

194191^9470 929521 929572 929623 929674 929725 929776 929827 9208TB - st 


937016 937066 937116 937*67 957217 95 
9375x8 937568 937618 937668 937718 93 
938019938069 / \ f J ' 

938520 938570 938620I93H670 938720I93 
939020 9 3907c 939120 939170 939 

9 ^9$i« M' HPHPI 7 „ T 

94001$ 94606$ 946118 94016$ 940218 91026; 940117 940567 940417 040467 
940516 940566 940616 940666 9407T6 940765 940$r5 94086s 94091* 940964 
941014 941064 941114 941163 941213 941263 941313941462941412 941462 
94 r 5 Tr 94*561 941611 941660941710941760941809941^0941909 941958 
942008 942058 942107 942157 942206 942256 94230694235s 94240s 942454 
942504 942554 942605 942653 942702 942752 942801 942851 942900 042950 
94300c 943049 943099 94.1148 94.1198 941247 943297 94134 <> 941196 94344s 
943494 943544 943593 943643 943692 943742 943791 943 $ 4 i 941890 943939 


l6 7 9173*7 9.17367 9374/8 037468 

r u r- o z r-A' 937« x 9 9.17869 9379 x 9 937969 

930119 9.18169 938219 938269 938119 938370 958420)93*470 
95877c 938820 938870 938^20 938970 
939270 9 39519 93936 9 9 59419 959469 
9 93956g 9.19619 9.19669 939719 939769 959819 939868 939918 939968 
8 940068 940118 940168 940218 94026; 940217 940367 940417 040467 
943516 940566 940616 940666 940716 940765 940$r5 94086s 94001 * 940064 

U«trtT^ hi Ti-iA < . 1 J r 1 t 1 nir.A. ....... .. .__^ k ' ' ' * 


941760941809 9418 5 < 









02 TABLE XXIV. 

LOGARITHMS OF NUMBERS. 

No. 8800—-—9400 Log. 944483 - - 973128 

No. I Oil 12 I j 4 15 I 6 17 18 19 T 



968481968530 968*76 968623 968670968716 968763 96881c 968856 968903 
968950 968996 969043 969090 969136 969183 96*7229 969276 969323 969369 
969416 969462 969509 969556 969602 969649 969695 96974^ 969780 969835 
2 969928 969975 970021 970068 970114 970161970207 970254 97°3o° 
7 970393 970440 970486 970533 970579 970626 970672 9707*9 970765 
2 970858 970904 970951 970997 97*044 97*090 97**37 97**»3 97*229 
,_^76 971322 971369 97x415 97*46 i 971508 97*55497*600971647 971693 
71740971786 971&32 97*879 97*925 97*97* 972018 972064 972110 972*56 
72203 972249 972295 972342 972388 972434 972480972527 972573 972619 
972666 972712 972758 972804 972851 972897 972943 972989 973 n 35 973 0 82 

~o i 2 3 4 5 6 7~ Ii r" l « lby f^l 
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TABLE XXV. 

LOG A It IT II M 1 C SINES. 

Siiu* O iL^ice. 

1 Sc/ j W 1 j 40 


5.683575 
6-530073 

6- 79051# 
, 6.964328 

7.083515 
: 7-176956 

7 - 253776 
• 7 - 3 I 9°43 

7.375770 
7 425937 

7-47-904 

7.511649 

7.548897 

7.583201 

7.614993 

7.644615 

1 7-672345 

1 7.698410 
7.722999 
7 74 6 270 
7.768358 
7-789376 
7.809423 
-7.828586 
7.846939 
7.864548 
7.881470 
7.897758 
7 913457 
7.928608 


5.986605 
6.588665 
6.831703 

6.986605 
7.100548 
7.1907:5 
7-265358 
7.329027 1 

7.3^4544 ! 

7-433762 i 

7.477966 : 
7.518083 1 
7.554806 l 
7.588664 | 
7.620072 
7.649361 I 
7-676799 
7.702606 1 
7.756965 
7.750051 

7-/7>9.r*’ : 
7.79:-,8: 
7.8(2677 
7.83I7OO 
7.849924 
7.867414 
7.884228 
7.900414 
7 . 9 l 60 I 9 
7.93IO82 


6.162696 
6.639817 
6.801666 
7.007794 
7.116938 
7.204c89 
7.276639 

7 - 33 » 7»7 
7 • 393 1 45 
7-441449 

7.484915 

7-5244:3 

7.560635 
; .594059 
7.625093 
7.654056 
7.681208 
7.706762 
7.750806 
7 - 753/38 

7-775477 

7.796162 

7.815905 

7.834791 

7.852888 

7.870262 

7.886968 

7.905054 

7.918566 

7 - 933 M 3 


6.287635 

6.685575 

6.889695 

7.027997 

?. 152733 
7.217054 

7 * 287635 

7 - 34*332 
7.401578 
7 •44900 2 
7 - 491/54 

7-550672 

7.566587 

7 * 5993 ** 
7.650056 
7.658701 
7-685573 
7.710879 
7 - 75479 1 
7-757454 

7.778994 

7-799515 

7.819111 

7.8^7860 

7 - 855*53 

7.875092 

7.889690 

7.905678 

7.921098 

7 - 9359*9 


6.584545 

6.726967 

6.916024 

7-047305 

7 -M 7973 
7.229645 
7.298358 
7-357672 
7.409850 
7456426 

7.498487 

7-536832 

7.572065 

7.604652 

7.634963 

7.665297 

7.689894 

7 - 7 M 957 

7-738651 

7-/61119 

7.782482 
7.802843 
7.822292 
7.840907 

7-85875? 

7.875902 

7.892396 

7.908287 

7.923616 

7-938422 


49 ,6894 
48 ,6294 
47 15791 
46 15362 
45 J4992 
44 14670 
43 143*7 
42 41.16 
41 3913 
40 83712 

39 i 353 i 
38 3366 
37 3217 
36 3030 
35 2954 
54 2838 
33 2731 
32 263: 
31 2540 
30 2453 

































































































TABLE XXV. 

LOGARITHMIC TANGENTS. 


Tangent 0 Degree. 


SO* 



7.470906 

7.51,1651 

7.548900 

7.583204 

7.614996 

7.644619 

7.672350 

7.698416 

7.723005 

7.746277 



8.162727 

8.171328 

S:;g$ 

8.196156 
8.204126 
8.111053 
8.219641 
8.227195 
8.234621 


8.164172 

8.171745 

8.181152 
8.189400 
8.197494 
8.205440 

#•*13*43 

8.220909 

8.228442 

8.235846 


5.986605 
6.588665 
6.831703 

6.986605 
7.100548 


7.329028 

7-384546 

7*433764 


7.518085 

7-554808 


7.620076 

7.649366 


7.750037 


7.771940 

?:B 3 S 

7.83I7IO 
7-849935 
7.867426 
7.884240 
7.900428 
7 916034 
7 931098 



7.5244*6 
8 

7.594062 

7.615097 

7.654061 


6.287635 

6.685575 

6.889695 

7.0*7998 

7 - 13*733 

7.217054 


7-348333 

7.401579 

7.449004 


7.491756 

7-530675 

7.566390 

7-599391 

7.630060 

7.658706 

7.685578 

7.710885 

7-734797 

7-757462 



8.069410 
8.080047 
8.090430 
8.100571 
8.110481 
8.120169 
8.120646 
8.138921 
8.148001 
8.156896 


8.165613 

8.17415# 

8.182538 

8.190760 

8.198829 

8.206750 

8.214530 

8.222174 

8.229685 

8.237068 


8.167049 
8.175566 
8.183919 
8.192115 
8.200159 
8.208057 
8.215814 
#•**3434 
8.230924 
8.238286 
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TABLE XXV. 

LOGARITHMIC SINES. 




8«505045 

8.508074 

8.512867 

8.516726 

8.520551 

8.524343 

8.528102 

8.531828 

*•535513 

8.5.^9186 


8.46003 2 

8.460761 

8.461489 

8.462215 

8.464388 

8.468701 

8 . 47*971 

8.477200 

8.481388 

8.485536 

8.489645 

8 . 4937 X 5 

8.497748 

8.501743 

8.465110 

8.469416 

8.475679 

8.477901 

8.4820X2 

8.486224 

8.490326 

8.4943*70 

8.498416 

8.502405 

8.465830 

8.470129 

8.474386 

8.478601 

8.482775 

8.486910 

8.49x006 

8.495064 

8.499084 

8.503067 

8.466550 

8.470841 

8.475091 

8.479299 

8.483467 

8.487596 

8.491685 

8.495736 

8 . 4*79750 

8.503727 

8.505702 
8.501/625 
8.513513 
8.517366 
8.521186 
8.524972 
8.528725 
8.532446 
8.536136 
8 -539794 

8.506358 

8.510275 

8 - 5 J 4 i 57 

8.518005 

8.521819 

8 - 5*5599 

8.529347 

8-533063 

8-536747 

8.540401 

8.507014 

8.510025 

8.514801 

8.518643 

8.522451 

8.526226 

8.529969 
H. 5336/9 
8.537358 
8.541007 

8.507668 

8.511573 
8.515444 

8.5192X0 

8.525083 

8.52685 2 

8-530589 

8.534295 

8-537969 

8.541612 

50 " 

, 40 " 

30 " 

20 " ■ 


8.462941 

8.467268 

8.471553 

8.475795 

8.479997 

8.484158 

8.488280 

8.492363 

8.496428 

8.503415 

8.504386 

8.508321 
8.512221 
8.516086 
8.519916 
8 . 5 WI 3 
».527477 
8.521209 

8.534909 

8.538578 I 

8.542216 1 

I O' 


Co-sine h3 Decrees 








































































































































TABLE XXV. 

LOGARITHMIC TANGENTS. 

Tail ^eiit 1 Decree. 


8.241921 
8.249101 
8.256165 
8.263115 
8.269956 
8.276691 
B.283323 
8.289856 
8.296292 
8 302633 
8.308H84 
8.315046 
8.321122 

8.327114 

8*. 333025 
8-338856 

8.344610 

8.350289 

8-355895 

8.361430 
8 366894 

8.37-291 

8.377*21 
8.^82889 
8.388092 
8.393234 

8 3983*5 
8.403338 
8.408304 

8.413213 


8.243126 
8.250:87 
8.257331 
8.26426^ 
8.27108*6 
8.277804 
8.284419 
8.290935 
8.297355 
8.303682 
8 309917 
8.316065 
8.322127 
8.328105 
8.334002 
8.339821 
8.345562 
8.351:29 
8.356823 
8.362343 

8.367799 

8.373184 

8.378504 

8.383760 

8.388953 

8.394085 

8.399156 

8.404170 

8.409126 

8.414026 


8.2443-8 

8.251469 

8.258494 

8.265408 

8.272213 

8.278913 

8.285512 

8.292012 

8.298416 

8.304727 

8.310948 

8.317081 

8.323129 

8.329093 

8.334977 

8.340783 

8.346512 

8.352166 

8.357748 

8.363259 

8.368701 

8.374076 

8.379385 

8.38463° 

8.389812 

8.394934 

8.399996 

8.405000 

8.409946 

8.414837 


8.245526 
8.252648 
8.259654 
8.266549 
8.273337 
8.280020 
8.286602 
8 .293086 

8.299474 

8-30 5770 

8.311976 
S.318095 
8.324128 
8.330080 
8 . 33595 ° 

8341743 

8.347459 

8 - 3531 °* 

8.358671 

8.364171 

8 * 369601 , 

8.374965 I 
8.380263 I 
8.385498 I 

8.390670 | 

8.395782 

8.400834 

8.405828 

8.410765 

8.415647 


8.246721 

8.253823 

8.260811 

8.267688 

8.274458 

8.281124 

8.287689 

8.194157 

8.300530 
8.306811 


8-375853 

8.581140 

8.386364 

8.391526 

8.396628 

8.401670 

8.406655 

8.411583 

8.416456 


8.2479*3 

8.254996 

8.261965 

8.268824 

8.275576 

8.282225 

8.288774 

8.295226 

8 . 3 °* 58.3 

8.307849 

8.314025 

8.320x15 

8.326121 

8 * 33 2 °45 

8.33789° 

8 . 343 6 57 

8.349348 

8.354966 

8.360512 

8.365988 

8- 37 1 397 
8.376738 

8.382015 

8.387229 

8.392381 

8.397472 

8.402505 

8.407480 

8.412399 

8.417262 


59 ii 97 
58 1177 

57 1*58 
56 1140 
55 **22 
54 1105 
53 1089 
52 1073 

5 * 1057 
5° 1042 
49 1027 

40 1013 

47 999 

46 985 

45 972 

44 959 

43 946 

42 934 

41 922 

40 911 

39 899 

38 888 

37 878 

36 867 

35 857 

34 847 

33 837 

32 828 

31 818 

30 809 



8.484360 

8.488486 


8.495949 8.496622 


8.520790 

8.524586 

8.528349 

8.532080 
8 -535779 


»- 5 i 5»«5 

8.518071 


8.506581 
8.j10505 

8.514389 

8.5I824X 

8.522059 

8.525844 

8.529596 
8 - 5333*6 
8 . 537°°5 
8.540662 


8.507238 

8.51*153 

8 . 5 * 5 0 34 

8.518880 

8.522692 

8.526472 

8.550218 

8.533933 

8.537616 

8.541269 


8.507893 

8.511802 

8.515677 

8.519517 

8.5233*4 

8.527098 
8 550840 
8-534549 
8.538227 
8.541875 


8.5O4608 


8.520154 


8 . 527/24 

8 . 53 X 460 

8 . 535*64 


8.542480 


721 
7*4 
17 707 

16 700 

*5 693 

14 687 

680 


9 656 

8 650 

7 644 

6 638 


Co-tangent 88 Degrees. 

















































































108 TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


0 Degree. 





80. Degrees 


























































































































































































LOGARITHMIC SIN 



Co-sine 


































































































































































































no TABLE XXV. 

LOGARITHMS, SINES, TANGENTS, AND SECANTS. 


^ Degrees. 


M 

Sine. 

Dili. 

Co-SllH 

D. 

Tang. 

Dirt. 

Co-tang. 

Secant. 

Co-sec. 

M 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

8.542819 
8.546421 
8-549495 
8-553539 
S-557°54 
8.560540 
8.563999 

8.567431 

8.570836 

8.574214 

8.577566 

6004 

5955 

59°6 

585* 

5811 

5765 

5719 

5674 

5630 

5587 

5544 

5460 

5419 

5379 

5339 

550c 

5261 

5223 

5186 

5149 

5112 

5076 

5=>4i 

5006 

4972 

4938 

4904 

4*71 

4*39 

4806 

4775 
4743 
4712 
4682 
4652 
4622 

4592 

4563 

4535 

4506 

4479! 

445i 

4424 

4397 

437^ 

4344 

431* 

4292 

4267 

4242 

4217 

4192 

4168 

4144 

4121 

4097 

4074 

4052 

4029 

9-999735 

9-99<773i 

9-999726 

9-999722 

9-99971? 

9.999713 

9.999708 

9.999704 

9.999699 

9.999694 

9.999689 

9.999685 

9.999680 

9.999675 

9.999670 

9.999665 

9.99^660 

9.999655 

9.999650 

9-99*7645 

9.999640 

07 

07 

08 

08 

°7 

08 

°7 

08 

08 

08 

07 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

10 

08 

08 

08 

10 

08 

10 

08 

08 

10 

10 

08 

10 

10 

08 

10 

10 

10 

10 

08 

10 

10 

10 

10 

10 

12 

10 

10 

10 

12 

10 

10 

10 

12 

10 

12 

10 

12 

12 

8.543084 

8.540691 

8.550268 

#•553*17 

8-55733 ft 

8.560828 

8.56429I 

8.567727 

8-57I137 

8.57452° 

8.577877 

6012 

5962 

59M 

5866 

5*19 

5773 

57*7 

5682 

563* 

5595 

555* 

55ic 

5468 

54*7 

53*7 

5347 

5.P* 

5270 

5232 

5194 

515* 

5121 

50*5 

505C 

5015 

49*1 

4947 

4913 

4880 

4848 

4816 
14/84 
4753 
47*2 
4691 
4661 
4631 
4602 
4573 
1544 
4516 
4488 1 

4461 

4434 

4407 

4380 

4354 

43*8 

4303 

4*77 

4*5* 

4228 

4*03 

4179 

4155 

413* 

4108 

4085 

4062 

4040 

11.456916 

n.4533°9 
11.449732 
ir.446183 
11.442664 

11.43917* 

11-435709 

11-43**73 

11.428863 

11.425480 

11.422123 

10.000265 
10.000269 
10.000274 
10.000278 
10.000283 
10.000287 
10.000:92 
10.000296 
10.000301 
10.000306 
10.000311 

11.4571*1 

“•45357* 
11.450005 
11.446461 
11.442946 
11.439460 
11.436001 

“•432569 

11.429164 

11.425786 

11.422434 

60 

59 

58 

57 

56 

55 

54 

53 

5* 

5i 

50 

11 

12 

*3 

14 

15 

16 

17 

18 

x 9 

20 

8 580892 
8.584193 
8.587469 
8.590721 
8.593948 
8.597152 
8.6o0332 
8.6Q3489 
8.606623 
8.609734 

8.581208 

8.5*45M 

*•5*7795 

8.591051 

8.594283 

*-59749- 

8.600677 

8.603839 

8.6069*78 

8.610094 

11.418792 

11.415486 

11.412205 

11.408949 
11.405717 

11.402508 

”•3993*3 

11.396161 

11.393022 

11.389906 

10.000315 

10.000320 

10.000325 

10.000330 

10.000335 

10.000340 

10.000345 

10.000350 

10.000355 

10.000360 

11.419108 
11.415807 
11.412531 
11.409279 
11.40605: 
11.40284* 

11.399668 
11.396511 

“•593377 

11.59026O 

49 

4* 

47 

46 

45 

44 

43 

42 

40 

21 

22 

*3 

24 

25 

26 

27 

28 

29 

30 

8.612823 

8.61589I 

8.618937 

8.621962 

8.624965 

8.627948 

8.63O9II 

8.633854 

8.6*36776 

8.63968O 

9.999655 

9.999629 
9.999624 
9.999619 
9.999614 
9.999608 
9.999603 
9-999597 
9-99959- 
9.999586 

8.613189 

8.616262 

8.619313 

8.622343 

8.62535; 

8.62834c 

8.631308 

8.634256 

8.637184 

8.640093 

11.386811 

*»•3*373* 

11.380687 

1 *.377657 
11.37464* 
11.371660 
11.368692 
11-365744 
11.362816 
11.359907 

10.000365 
10.000371 
10.000376 
10.000381 
10.000386 
10.000392 
10.000397 
10.000403 
10 000408 
10.000414 

11.3X7177 
11.384109 
11.381063 
“•37*038 
“•375035 
ix.372052 
11.369089 
11.366146 
11.363114 
11.360320 

39 

3* 

37 

36 

35 

34 

33 

3* 

31 

30 

31 

32 

33 

34 

35 
3<> 

37 

38 

39 

40 

87642563 

8.645428 

8.648274 

8.651102 

8.653911 

8.6567O2 

8.659475 

8.662230 

8.664968 

8.667689 

9.999581 

9-999575 

9.99957C 

9-999564 

9-99955* 

9-999553 

9-999547 

9.999541 

9-999535 

9-9995*9 

8.642982 

*•645*53 

8.648704 

8-651537 

8.654352 

8.657140 

8.659928 

8.662689 

8.665433 

8.66816c 

11.357018 

11.354147 

11.351296 
1r 34*463 
11.34564* 

11.34 2851 
11.340072 
11-337311 
“•334567 
11.331840 

10.000419 

10.000425 

10.000430 

10.000436 

10.000442 

10.000447 

10.000453 

10.000459 

10.000465 

10.000471 

“•357437 
“•35457* 
11.351720 
1i.348898 
11.346089 
11.343298 
11.340515 
“•337770 

“-335032 

“■33*3“ 

ll 

*7 

26 

*5 

24 

*3 

22 

21 

20 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

*• <>70393 
8.673080 

8-675751 

8.678405 

8.68104^ 

8.683665 

8.686372 

8.688863 

8.69I438 

8.693998 

9-9995*4 

9.999518 

9.999512 

9.999506 

9.999500! 

9-999493 

9.9994*7 

9.999481 

9-999475 

9.999469 

8.670870 

8.673563 

8.676239 

8.678900 

8.681544 

8.68417: 

8.686784 

8.689381 

8.691963 

8.694529 

11.329130 
11.326437 
11.323761 
11.321100 
11.318456 
11.315828 
11.313216 
11.310619 
11.308037 

“•305471 

10.000476 
10.000482 
10.000488 
10.000494 
10.000500 
10.000507 
10.000513 
10.000519 
10.000525 
10.coos31 

11.329607 
j1.326920 
11.324149 
11.321595 
11.318957 
“•3i 6 335 
11.313728 
11.311137 
11.308562 
11.306002 

Ts 

17 

16 

15 

14 

13 

12 

11 

ro 

5 1 

52 

53 

54 

55 

56 

ll 

& 

8.696543 

8.699O73 

8.7OI589 

8.7O4O9C 

8.706577 

8.709049 

8.711507 

S:?! m 

8.71880c 

9.999403 
9-999456 
9-99945C 
9-999443 
9-999437 
9-999431 
9.999424 
9.999418 
9.999411 

9.999404 

3.697081 
8.699617 
8.702139 
8.704646 
8.707140 
8.709618 
8.712083 
8.714534 
8.716972 
8.719396 

11.302919 
11.300383 
ir.297861 
“•*95354 
if.292860 
11.200382 
11.287917 
11.285466 
11.283028 
11.280604 

10.000537 

10.000544 

10.000550 

10.000557 

10-000565 

10.000569 

10.000576 

10.000582 

10.000589 

10.000596 

11.303457 

11.300927 
11.298411 
11.295910 

11.293423 
11.290951 
11.288493 
1i.286048 
11.283617 
r1.28120c 

l 

1 

5 

4 

3 

2 

1 

0 

M 

Co-sine 


Sine. 


Co-tan. 


Tang. 

GfklftWy 

Seirant* 

M 


87 Degrees. 



TABLE XXV. Ill 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


3 Degrees. 

M 

Sine. 

Diflf. 

Co* sine 

D. 

Tang. 

DiflF. 

Co-lang. 

Secant. 

Co-sec. 

M 


0 

i 

a 

3 

4 

5 

6 

l 

9 

10 

8.718800 

8.721:04 

*•7^595 

8.725971 

*.7**337 

8.730688 

8-7330*7 

8-735354 

8.737667 

8.739969 

8.742259 

4006 

3984 

3962 

3941 

39*9 

3898 

3877 

3857 

383 6 

3816 

379 6 

377 ? 

3756 

3737 

37*7 

3698 

3679 

266l 

3 6 42 

3624 

^606 

35«8 

3570 

3553 

3535 

3518 

35 01 

3484 

3467 

345 i 

3434 

34 i 8 

3402 

33 86 
3370 
3354 
3339 
33^3 
33°8 
3293 
3278 

3263 

3249 

3234 

3219 

3205 

3 * 9 * 

3177 

3*63 

3 M 9 

3*35 

3122 

3108 

3*95 

3082 

1069 

3056 

3043 

3030 

30*7 

9.999404 

9-999398 

9 - 99939 * 

9.999384 

9-999378 
9 - 99937 * 
9-999364 
9-999357 
9 • 99935 ° 
9-999343 
9-999336 

10 

12 

12 

10 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

*3 

12 

12 

12 

*3 

12 

*3 

12 

*3 

12 

*3 

12 

13 
*3 
*3 

12 

*3 

13 
*3 
*3 
*3 
13 
13 
*3 
*3 
*3 
*3 
*5 
*3 
*3 
*5 
*3 
*3 
*5 
*3 
*5 

13 

*5 

*5 

13 

*5 

*5 

*3 

*5 

8.7I9396 

8.7H806 

8.724204 

8.726588 

8.728959 

8 - 73 * 3*7 

8-733063 

8 . 73599 6 

8-7383*7 

8.740626 

8.742922 

4017 
3995 
3974 
3952 
393 * 
3909 
3889 
3868 
3848 
3*2 7 

3807 

3787 

3768 

3749 

3729 

37 *o 

3692 

3673 

3655 

3636 

3618 

3600 

35*3 

3565 

3548 

3531 

35*4 

3497 

3480 

3464 

3447 

343 * 

3415 

3399 

33*3 

3368 

3352 

3337 

3322 

3306 

3292 

3277 
3262 
3248 
32 33 
3219 

3205 

3 * 9 * 

3*77 

3*63 

3*50 

3*36 

3*23 

3*09 

3096 

3083 

3070 

3057 

3045 

3032 

11.280604 
11.278194 

*1.275796 

11-27541* 
11.271041 
11.268683 
11.266337 
11.264004 
11.261683 
1 *-259374 
ri.257078 

10.000596 
10.000602 
10.000609 
10.000616 
10.000622 
10.000629 
10.000636 
10.000643 
10.000650 
10.000657 
10.000664 

11.281200 
11.278796 
11.276405 
11.274028 
11.271663 
11.26931*2 
11.266973 
11.264646 
11.262333 

11.260031 
11 257741 

60 

It 

56 

55 

54 

53 

52 

5 i 

50 

11 

12 

*3 

14 

15 

16 

17 

18 

*9 

20 

8 . 74453 *- 
8.746X02 
8-749055 
8.751297 
8 - 7535*8 
8-755747 
8-757955 
8.76OI5I 
8 - 76*337 

8.764511 

9.999329 

9.999522 

9 - 9993*5 

9 - 9993°8 

9.999301 

9.999294 

9.999287 

9.999279 

9.999272 

9-999265 

9-999257 

9.999250 

9.999242 

9-999235 

9.999227 

9.999220 

9.999212 

9.999205 

9 - 999*97 

9.999189 

9.999181 

9 - 999*74 

9.999166 

9.999158 

9.999150 

9.999142 

9 - 999*34 

9.999126 

9 - 999**8 

9 - 999 * 1 ° 

9 - 999 * 0 * 

9-999094 

9.999086 

9 - 999077 ! 

9.999069 

9.999061 

9.999053 

9.999044 

9.999056 

9.999027 

8.745207 

8-747479 

8.749740 

8.75I989 

8.754227 

8-756453 

8.758668 

8.760872 

8.763065 

8.765246 

*1.254793 

11.252521 
11.250260 
11.248011 
n -245773 
n -243547 
11.241332 
11.239128 

**•236935 

i *-234754 

10.000671 

10.000678 

10.000685 

10.000692 

10.000699 

10.000706 

10.000713 

10.000721 

10.000728 

10.C00735 

11.255464 
n.253198 
11.250945 
11.248703 
11.24647*2 

11.244253 

11.242045 

11.239849 

11.237663 

11.235489 

49 

48 

47 

46 

45 

44 

43 

42 

4 * 

40 

21 

22 

2 3 

24 
2$ 
26 

27 

28 

29 

30 

8.766675 
8.768828 
8.770970 
S.773*01 
8 . 775*23 
8-777333 
8-779434 
8 ./ 8 I 524 
8.783605 
8.785675 

8.767417 
8.76957X 
8 - 77 * 7*7 
8.773866 

8-775995 

8.778II4 

8.780222 

8.782320 

8.784408 

8.786486 

11.232583 
11.230422 
11.228273 
11.226134 
11.22400*; 
11.221886 
11.219778 
11.217680 
11.215592 
11.213514 

10.000743 

10.000750 

10.000758 

10.000765 

10.000773 

10.000780 

10.000788 

10.000795 

10.000803 

10.000811 

1 1 •* 333*5 
11.231172 

11.2*29030 
11.226899 
11.224777 

11.222667 

11.220566 

11.218476 

11.216395 

11.214315 

3 

i7 A 

36 

35 

34 

33 

32 

3 * 

3 ° 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

8-787736, 
8.789787, 
8.791828 
8.793859 
8 * 795881 
8.797894 
8.799897 
8.8OI892 
8.803876 
8.805852 

8 .788554 
8.790613 
8.79266*2 
8.794701 
8.796731 

8-79875*1 

8 800763 
8.802765! 
8.804758 
8.806742 

11.211446 
11.209387 
11.207338 
11.205209 
11.203269 
11.201248 
11.199237 

11 •* 97^35 
11.195242 
11.193258 

10.000819 

10.000826 

10.000834 

10.000842 

10.000850 

10.000858 

10.000866 

10.000874 

10.000882 

10.00089c 

11.212264 
11.2102x3 
11.208172 
11.206141 
11.204119 
11.202106 

11.200103 
11.198108 
11.196124 
11.194148 

29 

28 

26 

25 

24 

23 

22 

21 

20 

41 

42 

43 

44 

46 

47 

48 

49 

JO_ 

8.8078I9 

8.809777 

8.8II726I 

8.813667 

8.815599 

8.8l7522 

8.819436 

8.821343 

8.823240 

8.825130 

8.808717 

8.8io68v 

8.812641 

8.814589 

8.816S29 
8.818461 
8.820384 
8.822298 
8.824205 
8.826103 
8.827992 
8.829874 
8.831748 
8.833613 

8.83547* 

8.837321 

8.839163 

8-840998 

8.842825 

8.844644 

11.191283 
11.18931*7 
U.187359 
11.185411 

11.18347* 

11.181539 
11.179616 
II.17770? 

‘*•*75795 

11.173897 

10.000898 

10.000906 

10.000914 

10.000923 

10.000931 

10.000939 

10.000947 

10.000956 

10.000964 

10.000973 

IT.I92181 
II.IOO223 

II.I88274 
**•**6333 
11.184401 
11.182478 
II.180564 
II.178657 
11.176760 
II.174570 

:i 

1 1 

*5 

14 

*3 

12 

11 

10 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

8.827011 
8.828884 
8.830749 
8.83260/ 
8.834456 
8.836297 
8.83813O 
8.839956 
8.841774 
8.843585 

9.999019 

9.999010 

9.999002 

9.998993 

9.998984 

9.998976 

9.998967 

9.998958 

9.99895O 

9.998941 

II . 172008 
11.170126 
II.I68252 
II.I66387 
11.164529 
II.I62679 
II.I60837 
II .159002 
H.I 57*75 
I*-I 55356 

10.000981 

10.000990 

10.000998 

10.001007 

10.001016 

10.001024 

10.001033 

10.001042 

10.001050 

10.001059 

11.172989 

II.17II16 

11.169251 

‘*•*67393 
II.*65544 
II.163703 
II.161870 
11.160044 
11.158226 

11.156415 

8 

1 

5 

4 

3 

2 

1 

0 

M 

Co-sine 


Sine. 



m 

Bi3 



JE3 


86 Degrees.7, 1 













I ■ TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


4 Degrees 


Sine, f Ditf.lCo-sinel L) 


8.843585 


8.848971 

8.850751 

8.852525 


7 8.856049 

8 8.857801 

9 8.859546 
10 8.861283 


11 8.863014 

12 8.864738 

13 8.866455 

14 8.86816s; 

15 8.869868 

16 8.871565 

17 8.873255 

18 8.874938 

19 8.876615 

20 8.878285 














































































































































































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


(j Degrees. 














































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


7 Decrees. 



10*097513 10, 
10.898496 10, 
10.89748110, 
10.896468 [O 
10.895458 10 
10.894450 10 

[0.893444 10 
10.892441 10 

10.891440 10 
10.890441 10 


10.889444 10 
10.888449 10 
10.887457 10 

10.886467 10 
10.885479 [O 

[0.884493 10 

10.883509 10 
10.882528 [O 
10 8H1546 [o 
10.880571 10 


,00342: 10.1 

,003438 Jo. 1 
005454 Jo.v 
,003470 ro.i 
,003486 10. ? 
,003502 10. \ 
,003518 10. J 
.003555 10.} 
.003551 10. * 
.003567 10. t 


,003585 10.> 
.00360c 10. \ 
,003616 10. > 
,003632 10 .1 
,003649 10. i 
.003665 10. J 
,00368: 10. $ 
,003678 10. i 
,003715 ro .\ 
,003721 ro.i 


41 

9.126125 

42 

9.12706c 

43 

9.127993 

9.128925 

44 

45 

9.129854 

46 

<). 130781 


I23S 


10.869959 10. 
ro. 869006 10. 
10.868056 10. 
io.‘867I07 10. 
10.866161 10. 
10.865216 10. 
10.864274 10. 
10 *863333 10, 
10.862395 io, 
10.861458 10 


003917 [O 

003934 10 

003951 10 
003968 10 
00398510 
004002 10 
004020 10 
004037 10 
004054 10 
00407210 



.873875 ig 
.872940 18 
.872007 17 
.871075 16 
.870146 15 
.869219 14 
.868294 13 
.867370 12 
. 866449 11 
865530 10 


52 9.136303 

53 9-I372I6 


55 9-i39°37 






































































































































































































M 


0 

9 * 1 4.35 55 

1 

9 *44453 

2 

9 * *45349 

3 

9-146:13 

4 

9.14713 6 

5 

9.148026 

6 

l 

9-*48915 
9.149S02 

9.150686 

9 

9 - * 5 ‘ 5<>9 

10 

9 -* 5 2 45 * 



11 

9-*5333 

12 

9.154208 

13 

9-*55085 

14 

9 * 5595 ^ 

15 

9.156830 

16 

9.157700 

17 

9.158569 

18 

9-*59435 

19 

9-I60301 

20 

9.161163 

21 

9.16202s 

22 

9.162885 

*3 

9 ‘$3743 

24 

9.164600 

*5 

9-165454 

26 

9.166307 

11 

9.167150 
9.168008 

29 

9.168856 

to 

9.16970: 

31 

9- l 70547 

3 - 

9.171389 

33 

9.172230 

34 

9 -> 73 <> 7 - 

3 $ 

9.173928 

36 

37 

T 174744 
9 -‘75578 

3 » 

9.I764II 

39 

9 . 17724 : 

40 

9 . 17807 ' 

4 i 

9 -‘ 7 V' 

42 

9.179726 

43 

9.l80551 

44 

9.181374 

45 

9.l82I9^ 

46 

9.18301^ 

47 

9.I83834 

48 

9.I8465I 

49 

9.185166 

50 

9.186:8c 

5 * 

9.187R92 

5 2 

9.187903 

53 

9.18871: 

, 54 

54 

9.189510 
9 * * 9 ° 3-5 

56 

9.191130 

57 

9 - 19*933 

5 * 

9-*92734 

59 

9-*93534 

60 

9-*94331 

M 

Co-sine 


TABLE XXV. 

LOGARITHMIC SINKS, TANGENTS, AND SECANTS. 

8 Degrees. 


itt. iCo-sine D. I Truii;. [Ditt. Co-t:ine.| decant. I Co- 


9-147803 
9.148718 
9.149632 
9-150544 
9 -I 5 I 454 


994739 

994720 

994700 

944680 

994660 

994640 

9946 ^ 

Sine. 




9 -‘ 54-74 * 

9 -‘ 5507 / ° > 

®35 

9 - *57775 MQ2 
V-'S* 0 ] 1 1400 
9 -‘ 595 6 ' 
9 -‘f 457 
9-‘61347 .To? 
1), 162136 '*?* 

9 .I 6 .UV .V* 


9:» '475 


9.'6489? 

[467 

9.166054 6 

9 . > 6753 * { 2 } 
9.168409 j 46 > 
9.169184 «; 

9.170157 ,:f, 

9.171029 JW 
9.17*89., 
9 * , 7 a 7<>7 
9 -‘ 736.54 
9 - ‘74499 



9 -* 75 j 6 ; u ,6 
9-‘ 762-4 43 ° 
9.17708. 

9-l77940 .’: x 
9- *78790 4 * 
9-‘79655 |4J 


9.180508 | 4*3 


9. '8136c 4 » 

9.18*111 47 
9.1830?!. ‘ 4 'i 


9-183907 

9.18475: ‘ 4°9 
9-‘85597 

9-186439 

9.18728c 40 . 

9.18812c *399 
9-‘88958 
9-»89794 
9.190629 ‘ 32 ' 
9.19146: ‘ 3°9 


9.‘92294 
9 . Ii >31 24 
9 * 1 9.'9 5 ." 
9.I947X0 
9.19^606 
9.196430 

9 -* 97-53 
919H074 
9.198S04 
9 - 1997 15 
Co-tans 


Co-tang. 

10.852197 

10.851282 

10.850368 

I 0 . 84945 6 

10.848546 

10.847637 

10.846731 

10.845826 

10.844923 

10.844022 

10.843123 

10.842225 

10.84132c) 

10.840435 

10.839543 

10.838653 

10.837764 

10.836577 

10.835992 

10.835108 

10.834226 

10.833346 

10.832468 

10.83159* 

10.830716 

10.820843 

10.828971 

10.828101 

10.827233 

10.826366 

TO. 8255 OI 

10.82463^ 
IO.823776 
!0.8n?QT - 
TO.82 205 

TO.8 21201 
IO.020545 
10 . 81949 - 
IO.81864O 
IO.8177H9 
TO. 8 l 6 y 4 I 
10.816095 
10.815248 
10.814403 
IO.813561 
10.812720 
10.81188^ 
ro. 811042 
10.810206 
to.809371 
10.8 08538 
10.807706 
10.806876 
10.806047 
10.805220 

10.804394 

10.803570 
IC.802747 
10.801926 
TO. 8 oi106 
10.800287 

Tans. 


decant. I Co-sec. 


10.004247 

10.004265 

10.004283 

10.0043011 
10.004319 
10.004336 

10.004354 

10.004572 
:0.00459- 
10.004409 
10.0044? 

10.004445 

10.004463 

10.004481 

10.004499 

10.004518 

10.0045 

10.004554 

TO. 004575 

TO.OO459I 
IO.OO461C 

IO.OO4628 
TO.OO4647 
IO.OO4666 
IO.OO4684 
10.004703 

IO.OO4722 

IO.OO474O 

10.004759 

TO.OO4778 
!0.OO479' 
T0.0048I6 
IO.OO4835 
IO.OO4854 
TO.OG 4 H 7 % . 
IO.OO4892 
TO.OO49II 
IO.OO493O 
TO.OO4949 
IO.OO4968 
IO.OO4987 
IO.OO5OO7 
10.005026 
TO. OO5045 
[10.005065 
IO.OO5084 
IO.OO5IO4 
IO.OO5H3 
IO.OO5143 

ic. 00516*2 
110.005182 


10.856445 

*0*855547 

10.854651 

“>•*53757 

IO.852864 

10.851974 

IO.85IO85 

10.8501^8 

10.849314 

IO.84843I 

10.847549 


10.005202 

10.005221 

I0.Q0524I 

10.005261 

10.005281 

10.005300 

10.005320 

10.005340 

IO.OO536C 

10.005380 

Ct^sec. 


10.84667c 

10.84579^ 

10.844917 

10.844043 

10.843170 

10.842300 

10.841431 

10.84056s 

10.830699 

10. 838836 

*°-857975 ' 

10.837115 

10.836257 

10.835400 

10.834546 

ic.835695 

10.832841 

10.83199: 

10.831144 

10.830298 

10.820453 

10.828611 

10.81777c 

10.826930 

10.82609? 

10.825256 

10.824422 

10.823589 

10.822758 

10.821928 

10.821100 

10.820274 

10.819449 

10.818626 

10.817804 

10.816984 

10.816166 

10.815349 

10.814534 

10.813720 

10.812908 

10.812007 

10.811288 

10.810481 

10.809675 

10.808870 

10.808067 

10.807266 

10.806466 

10.805668 

Secant. 


81 Degrees. 










TABLE XXV. 


I.OGARITHMIC SI 


Sine. I Dirt. I 


9-*94332 
9-195129 
9- r 95925 
9.196719 
9-I975U 
9.198302 
9.199091 

9.199879 

9.200666 
9.201451 
9.202234 


9.9946:0 

9.99460.'. 

9.99458c 

9-99456- 


994510 a 


•99451V 'i* 
•994499 V* 
•994479 li 
•994459 a 

• 99443 * X? 

• 99441 


9.203017 
9.203797 
9-204577 
9 W354 
9.206131 
9.206906 
9.207679 
9.208452 
9.209222 
9. 209992 
9.210760 
9.211526 
9.212291 
9.213055 
9.213818 
9-214579 
9 - 2 I 5338 
9.216097 
9.216854 
9.217609 

9.218363 
9.219116 
9.219868 
9.220618 
9.221367 
9.222115 
9.222861 
9.223606 

9.224349 

9.2250q2 
9.225833 
9.226573 
9.2273II 
9.228048 
9.228784 
9.2:9518 
9.230252 
9.230984 
9 - 23 I 7 I 5 
9.232444 


•99439* „ 
•994377 " 
•994357 XX 
• 99433* X? 

•994316 
•994295 " 
•994274 " 
•994254 
•994233 " 
.994212 w 

- zz - 35 

•994X91 „ 
•9941 7 I 
.99415c •£ 
.994129 " 
.994108 
•9940»; 35 
.994066 •» 
•994045 f, 
.994024 •» 

.994004 ^ 

•99.19** « 
•995960 5 ' 

•993939 •:? 
•993? lX „ 
•993*97 „ 
•995875 ™ 
•993 8 54 
•99383» „ 
•993811 ,, 
•993789 


9 -:. 33 i 7 : 
9 -*33899 

. 9.234625 

9 * 23534 V 
9.236073 
9-236795 
9 - 2375 I 5 

9-238235 

9-238953 
. _ 
Co-sine 


NES, TANGENTS, AND SECANTS. 


9 Decrees. 


lang. Dirt. Co-tang. Secant. | Co-sec. 

9.199713 . 10.80028710.005380,10.805668 60 

9.202529 3 * to.799471 10.00540010.804871 50 
9.201345 "7 10.79865510.005420110.804075 58 
9.202159 10.79784110005440110.803281 57 

9.20297I 10.79702910.005460(10.802489 56 

9.203782 10.79621810.005481110.801698 55 

9.204592 10.79540810.00550110.800909 54 

9.205400 -j*' 10.794600 10.005521 10.800121 53 
9.206107 to.793793 10.005541 10.795334 ji 
9.207013 44 10.79198710.00556210.798549 51 
9.207817 IO.792I8310.005582 10 .797766 50 

9.208619 ~ 10.791381 10.00560210.796983 ”40’ 

9.209420 10.700580 10.005623 10.796203 48 

9.410220 10.78978010.00564310.795423 47 

9.211018 ■JJg 10.78898210.00566410.794646 46 
9.211815 J ? 10.78818510.005684x0.793869 45 
9.212611 -J 10.78738910.00570510.793094 44 
9.213405 * J 10.78659510.00572610.792321 43 
9.214198 1 10.78580210.00574610.791548 42 

9.214989 10.785011 10.005767 10.790778 

9.215780 4 ' ro.784220 10.005788 10.790008 


9.216568 ^ ^ 10.783432 to. 005809 10. 

9*217356 * 10.78264410.00582910.788474 

9.218142 Jig 10.78185810.00585010.787709 
9.218926 300 10.78107410.00587x10.786945 
9.219710*^ 10.78029010.00589210.786182 35 
9.220492 ** 10.779508 10.005913 10.785421 34 
9.221372 £ 10.77872S 10.005934 10.784662 33 

9.222052 10.77794810.00595510.783903 32 

9.222830 ji 10.77717010.00597610.783146 31 
9 .223607 74 10.77639310.00599710.782391 30 


9.224382 


10.77561810.0060x810.781637 


•993768 £ 
•993746 
•993725 5; 
•993703 
•993681 ^ 

.993660 

•9936.^ 37 

99361b 

•99.1594 

•99.157: 


9-993550 „ 
9 - 9935 ** it 
9-993506 4 / 
9.993484 •*/ 

9.993462 4 ' 
9 993440 4 / 
9-993418 •” 
9 993396 4 / 
9-993374 “A 
9 . 99.1351 4 


19.123156 jjr 10.774844 r0.006040 10.780884 
9.225929 Jw 10.774071 10.006061 IO.78OI32 
9.226700 10.773300 10.006082 10.770382 

9.227471 ia o x 10.77252910.00610310.77863^ 
9.*18239 IM0 10.771761 10.00612510.7778X5 
9.219007 'J 10.77099310.00614610.777139 
9.229773 '' I 0.770227 I 0 . 006 l 68 l 0.776394 

9-230539 IO.76O46I IO.OO6189IO.77565I 

9. 231302 IO.768698 10.00621X10.774908 

9.232065 10.76793510.00623210.77411 

9.232826 2 ro.767174 10.006254 10.77 

9-233586 6 ' 10.76641410.00627510.77 

9* 2 34345 Il6 * 10.76565510.006297 10.77195? 
9235103 . 10.764897 10.006319 10.7712K 

9-235859 8 10.764141 10.00634010.7704“ 

9.236614 10.763386 10.006362 10.7697 

9-237368 J ' 10.762632 10.006384 10.76901 
9.238120 10.76188010.00640610.768285 

I 9.238872 5 10.76112810.00642810.767556 

9.239622 j^g 10.760378 10.006450 10.76 
9.240371 10.75962910.00647210.766101 

9.241118 10.75888210.00649410. ' 

9.241865 10.758135 10.006516 10. 


.242610 * 10.75739010.09653810. 


9-243354 

9.244097 

9.244839 


10.756646 10.006560 10. 

I0 - 7559°3 19.006582 10.762485 
10.755161 10.006604 10.76 


19-245579 10.754421 10.00662610.76 

9.246319 •* 10.75368110.006649 ro.760330 


^•246319 

ICo-tang 


Co-sec. I Secant. 




















TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


10 Degrees. 



C’n-tiifttt 


70 Opf/rees 


10.724342 
ro. 723649 
10.722957 
10.722266 
to. 721576 
10.720887 
10.720199 
10.710512 
10.718826 
10.718142 

IO.OO7594 

IO.OO7618 

£0.007642 

IO.OO7665 

IO.OO7689 

IO.OO77I3 

IO.OO7737 

IO.OO7761 

IO.OO7786 

IO.OC7810 

«o- 73*935 
10.731266 
* 0 . 73 o 598 
to. 729931 
10.729265 
10.728600 
10.727936 

10.727274 
ro.72061a 
10.72595 1 

10.717458 
10.716775 
10.716093 
10.715412 
ro.714732 
10.714053 
IQ -713376 
10.712699 
10.712023 
10.711348 

IO.OO7834 
IO.OO7858 
IO.OO7882 
IO.OO79O7 
IO.OO793I 
IO.OO7956 
IO.OO798C 
10.008004 
IO OO8029 
IO.CO8055 

ro.725292 
10.724633 

>°- 7*3975 
10.723319 
10.72-2663 
10.722009 
10.721355 
10.720703 
TO. 72OO5 2 
IO.7194OI 

Tww 

(Jo sec. 

Secant 





































































































































































































































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANG ENTS, AND SECANTS. 

-- Decrees. 





























































































































































































TABLE XXV. V - 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


13 Degrees ... 


Ditf.|Co-sine| D. I lang. [Difl ICo-tung I Secant. I Lc 


9.9H8724 . 8 

r> **0 


. 35^1 ; I0 9 - 9886,5 g 






















































































































































































































Ot (yi tn 0« (/< ^ 
U ^vi QC>C 






















































































































































































































LOGATUTHMIC 


TABLE XXV. 

SINES, TANGENTS, 


16 Devices. 




, AND SECANTS 


























































































































































































































*994 


<>• 47714 ? 


Q- 47*059 


9.462616 


Co-taftg.l 


Secant. 


Co-sec. 


9.982624 

9.982587 


9,982035 


9.981849 


9 - 98*774 


9.981700 


• 45797 ? 70I 

.458449 1 

,:8®.g 

9.460$ u ° 
9 - 46 j »97 ill 
9- 4 6i77o 7 °° 
9-461444 7 ® 8 

9.461714 7 * 7 

9.463186 786 
9.463658 785 
9.464128 7*5 
9.464599 7»4- 
9.465069 /®3 
9-455539 7 o-’ 
9,466008 7*4 
9.466476 781 
9.466945 7 50 

9.467413 7 *° 
9.46788c 779 
9.468347 III 

9.468814 778 
9.469280 777 
9.469746 77 r > 
9.470211 775 
9.470676 775 
9.471141 774 
9- 47^605 773 
9.472068 773 
9-472532 772 
9-472995 77 j 
9-473457 
9-473919 77 ° 
9 - 4743*1 7^9 
9.474842 769 

9-475303 Ifl 
9-475763 7»7 
9.476223 767 

1T4766SI 766 


10.542504110.0171581 
[o.542027 10.017195 
to.541551 10.017231 
[0.541075 10.0172&7 
10.540600 10.017304 
io. 540125 10.017340 
[ °-539651 10.017376 
ro -539*77 10.017413 
10.538703 10.017449 
I0 -538230 10.017486 
[0.537758 10.0175 23 
to. 537286 10.017559 1 
io.536814 10.017596 i 
IO - 536.342 10.017633 ] 
to -535872 ro.017669 : 
[0 -535401 10.017706 1 
[ °- 53493 * 10.017743 1 
ro - 53446 r 10.017780 ] 
t0 -533992 10.017817 ] 
ro. 533524 10.017854 ] 
ro - 533055 to.017891 ] 
^0-532587 10.017928 ] 
ro.532120 10.017965 1 
ro -53*653 10.018002 ] 
ro.531186 10.018039 ] 
to -530720 10.018076 ] 
[0.530254 10.018114 ] 
0.52978910.018151 ] 
0.529324 10.0181881 
0.528859 10.018226 ] 
0. 528395 10.018263 ] 
0.527932 10.018300! 
0.527468 10.018338 ] 
0.52700510.018375 ] 
0.526543 10.018*413 ] 
0.526081 10.01845*1 ] 
0.525619 10.018488 ] 
0.52515810.0185261 
0.52469710.018564 1 
0.52423710.0186011 
0- 523777 to-018639 I 
0-5233*710.0186771 


10.559212 5< 
[0.5587^2 5* 
10.558343 5/ 
ro -557904 5 * 
I0 -557465 55 
[0.557027 54 
[0.55659c 53 
[o.556153 52 
[ 0 . 5557*6 5 * 
[Q.55 5280 5° 
[0.554845 49 
to.554410 48 

I0 *553975 47 
ro.553541 46 
to.553107 45 
ro.552674 44 
[0.552341 43 
ro.551809 42 
ro.55*377 41 
[0.550946 40 

ro -550515 39 
10.550085 38 
ro.549655 37 

to.549225 3* 
[0.548796 35 
[0.548368 34 
[o.547940 33 * 
ro. 5475*2 32 

ro. 547085 3* 
[0. 546658 30 
[0.546232 29 
[0.545806 28 
to. 545381 27 
o .544956 26 
0. 54453 * 
0.544107 24 
0.543684 23 
0.543261 22 
0.542838 21 
0.542416 20 


XSSI 


SW.VFLZU 
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TABLE XXV. 

LOGAR I THMIC SI NES, TANGENTS, AND SECANTS.' 



72 Degrees. . 



























































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AN D 8 EC A NTS. 
j ^ i).. ir rees. 



10.022248 10, 
10.021289 io. 
10.0223,21 10, 
10.022372 10. 
10.022414 10. 
10.022456 10. 
10.022497 10. 
10.022539 10. 
10.022581 10. 
10.022623 10. 


10.022665 10. 
10.02270*7 io. 
10.022749 10. 
10.022791 10. 
10.022833 10. 
10.022875 10. 
10.022917 10. 
10.022959 10. 
10.023001 ro. 
10.023043 10. 


505704 49 
505379 4 » | 
504995 47 | 
504612 46 
564228 45 
503846 44 
503463 43 
503081 42 
50:699 41 
502318 40 


501936 39 
50155 6 3 » 
50 II 75 37 
500796 36 
500416 35 
500037 34 
499658 33 
499279 32 
498901 31 
498524 30 


498146 29 
497769 28 

497393 *7 
497016 16 



10.465084 

10.464672 

10.464261 


10.463439 

10.463028 


Tan 




























































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


Hi Decrees. 


ouie. | Uirf.lCo-sinrl i). I Tang. 



9.528810I 

9 - 5295*31 

9 - 530«5 
9-530363 

5* 9-530935 
5* 9-53x265 

53 9*53x6i4 

54 9*53x963 

55 9-5323X2 


j8* 19-9737*6 
5?7 



IO.446452 13 , 
10.446054 10 

10.445656 10 
10.445259 10 
10.444861 10 
10.444464 10 
10.44406; 10 
10.443671 10 
10.443275 10 
10.442879 10 


10.442483110 
10.442087 


026148 10. 
026193 10. 
,026239 10. 
,026284 10. 
,026329 10. 
,02637510. 
026420 10. 
,026465 10. 
,016511 10. 
,0265^6 10. 


,026601 10. 


O^tanu 


• 70 Degrees 
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TABLE XXV. 



LOGARITHMIC SINES, TANGENTS, AND SECANTS. 



20 Degrees. 

_ A 



Co-tangl | r l ang. 


(>9 Degrees. 
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130 TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 

22 Degrees. 

M 

bine. 

Dirt. 

Co-sine j D. | Tang. 1 

Oitt'. 

Co-tang. 

becant. 

Co-sec. 

.LiU 1 

o 

1 

2 

3 

4 

6 

7 

8 

9 

10 

9*573575 
9-573888 
9.574200 
9 - 57451 * 
9.574824 
9 - 575 I 36 
9 575447 
9*575758 
9.576069 

9-576.379 

9.576689 

521 

520 

520 

5i9 

5i9 

S3 

518 

5i7 

5i7 

516 

516 

5 x 6 

5 i 5 

5 i 5 

5 i 4 

5 i 4 

5 i 3 

5*3 

5 i 3 

512 

512 

5ii 

511 

5 ” 

510 

510 

509 

509 

5°9 

508 

508 

5°7 

507 

506 

506 

506 

505 

5°5 

504 

504 

503 

503 

503 

502 

502 

501 

501 

501 

500 

500 

499 

499 

499 

498 

498 

497 

497 

497 

496 

9.967166 
9.967115 
9.967064 
9.967013 
9.966961 
9.966910 
9.966859 
9.966808 
9-966756 
9.966705 
9.966653 

85 

»5 

85 

*5 

85 

85 

85 

85 

86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
87 

«7 

87 

87 

87 

87 

87 

87 

87 

87 

87 

87 

87 

ll 

88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
88 
89 

89 

89 

89 

89 

89 

89 

84 

89 

89 

89 

89 

9.606410 
9.606773 
9.607*37 
9.607500 
9.607863 
9.608225 
9.608588 
9.608950 
9.609312 
9.609674 
9 610036 

606 

606 

605 

605 

604 

604 

604 

603 

603 

603 

602 

602 

602 

601 

601 

601 

600 

600 

600 

599 

599 

598 

598 

598 

597 

597 

596 

596 

596 

595 

595 

595 

594 

594 

594 

593 

593 

573 

59 * 

59 * 

59 * 

59 i 

591 

590 

590 

SS 

589 

589 

588 

588 

S88 

587 

587 

587 

586 

586 

586 

585 

io- 39359 o 

10.393227 

10.392863 

10.392500 

10.392137 

io. 39 i 775 

10.391412 

10.391050 

10.390688 

10.390326 

10.389964 

10.032834 

10.0328*85 

10.032946 

10.032987 

10.033039 

10.033090 

10.033141 

10.033192 

10.033244 

10.033295 

10.033347 

10.426425 

10.426112 

io t 4258 oc 

10.425488 

10.425176 

10.424864 

10.424553 

10.424242 

10.423931 

10.423621 

10.423311 

6 * 

5 < 

5 J 

5; 

5* 

55 

54 

53 

5* 

5* 

50 


11 

12 

13 

H 

15 

16 

17 

18 

19 

20 

9-576999 

9*577309 

9.577618 

9 * 5779*7 

9.578236 

9*578545 

9578853 

9.579162 

9-579470 

9*579777 

9.966602 
9.96655° 

9.966499 

9.966447 

9*966395 

9.966344 

9.966292 

9.966240 

9.966188 

9.966136 

9.6*0397 

9.6*0759 

9.611120 

9.611480 

9.611841 

9.612201 

9.612561 

9.612921 

9.613181 

9.613641 

10.389603 
10.589241 
10.388880 
10.388520 
10.388159 
10.387799 

10.387439 

10.587079 

10.386719 

10.386359 

*°-° 3 .W 9 # 

10.033450 

10.044501 
10.033553 
* 0.033605 
10.033656 
ro. 033708 
10.033760 
10.033812 
10.033864 

10.423001 

10.422691 

10.422382 

10.422073 

10.421764 

10.421455 

10.421147 

10.420838 
10.420530 
10.420223 

3 

47 

46 

45 

44 

43 

42 

41 

40 


21 

22 

*3 

24 

2 l 

26 

27 

28 

29 
3 ° 

9.580085 
9-580392 
9.580699 
9.581005 
9-581312 
9.581618 
9.581924 
9.582229 
9-582535 
9.582840 

9.966085 

9.966023 

9.965981 

9.965929 

9.965876 

9.965824 

9.965772 

9.965710 

9.965668 

9.965615 

9.61400c 

9 - 6 i 4359 

9.6*4718 

9.615077 

9.615435 

9 - 6 I 5793 

9.616151 

9.616509 

9.616867 

4.617224 

xo.386000 
10.385641 
10.385282 

10.384923 

10.384565 

10.384207 

10.38.5849 

10.383401 

10.383133 

10.382776 

10.033915 

10.033967 

10.034019 

10.034071 

10.054124 

10.0*34176 

10.034228 

10.03428c 

10.034332 

10.034385 

10.419915 

10.419008 

10.41930* 

10.418995 

10.418688 

10-418382 

10.418076 

10.417771 

10.417465 

10.417160 

39 

3« 

37 

36 

35 

34 

33 

3* 

3i 

30 

31 

32 

33 

34 

35 

36 

37 
3 « 
39 

_ 40 _ 

9 - 5 8 3'45 
9 - 58.>449 
9-583754 
9.584058 
9 -584361 
9.584665 
9.584968 
9.58517: 
9-585574 
9.585877 

9-905563 

9-96551* 

9-965458 

9.965406 

9-965353 

9.965501 

9.965248 

9965*95 

9.965*43 

9.965090 

9.965037 

9.964984 

9-96493* 

9.964879 

9.964826 

9-964773 

9.9647:0 

9.964666 

9.964613 

9.964560 

9.964507 
9.964454 
9.964400 
9-964347 
9.964294 
9.964240 
9.964187 
9.964m 
9 . 964 o 8 o 1 
9 . 964026 1 

9.617582 

9 - 5*7939 

9.61K295 

9.618652 

9.6I9OO8 

9.619364 

9.619721 

4 . 620 J 76 

9.620432 

4.620787 

9.621142 

9.621497 

9.621852 

9.622207 

9.622561 

9.612915 

9.623269 

9.623623 

9.623976 

9-624330 
9.624683 
9.625026 

9.6253^8 

9.625741 

9.626093 

9.626445 

9.626797 
9.627149 
9.627501 
9 * 6 * 78 >* 

10.382418 
10.382061 
10 381705 
10.381348 
10.580992 
10.380636 
10.380279 
10.379924 
* 0 *379568 
10..579213 

10.034437 

10.054489 

10.034542 

10.034594 
10.034647 
10.034699 
10.034752 
10.034805 
10.034857 
10.03491c 

10.416855 

10.416551 

10.416246 

10.4.5942 

10.415639 

io. 4 i 5335 

10.415032 

10.414728 

10.414426 

10.414123 

2 

2 

*5 

*4 

*3 

22 

21 

20 

41 

42 

43 

44 

45 

46 

47 

48 

49 
5 p 

9 586179 
9.586482 

9-586783 

9.581085 

9.587386 

9.587688 

9-587989 

9.588289 

9-58859° 

9.588890 

10.378858 

10.378503 

10.378148 

10*377793 

10*377439 

10.377085 

10.376731 

* 0-376377 

10.376024 

10.375670 

10.034963 

10.035016 

10.035069 

10.0*2*512' 

*0.035.74 

10.035227 

10.035280 

10.035334 

10.035387 

10.03544° 

to.413821 
10.413518 

10.413217 

10.412915 

10.41:614 

10.412312 

10.412011 

10.411711 

10.411410 

10.411110 

\l 

\l 

15 

1*4 

13 

12 

II 

10 

51 

52 

53 

54 

55 

56 

3 

59 

60 

9 - 589 i?o 

9 589489 
9.589780 

9.590088 

9-590387 

9.590686 

9.590984 

9.591282 

9.591580 

9-59*878 

10 . 37531 / 

*o- 374}64 

10.374617 

io. 374 *.9 
10.373907 
10*373555 
10.373203 
10.372851 
10.372499 
10.372148 

10.035493 

10.035546 

10.035600 

10.035653 

10.035706 

10.035760 

10.035813 

10.035867 

10.035920 

10.035974 

10.410810 

10.410511 

10.410211 

10.409912 

10.409613 

10.409314 

10.400016 

10.408718 

10.408420 

10.408112 

1 

7 

6 

5 

4 

3 

2 

I 

0 

M j 

Co-sine 


Sine. | 


Co-tang 


Tang. 

Co-9ec. 

Secant. 

M 

(i7 Degrees. 

I 






TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 

i> 



o-sine D. 

•963972 g ’ 
9 96 .WI 9 gA 
•96386s 2 
9638.. $ 
963757 2 

963704 9 ” 

963650 ^ 

963596 ’ 
963542 jo 
963488 9 ° 

9-963434 9 ° 0 
•963379 £ 
9-963325 QQ 

•963271 £ 

96316* % 


22 9*598368 

23 9.598660 

24 9*598951 

2 5 9-599H4 

26 9-599536 

v 9-599827 

28 9.600118 

29 9 600409 

30 9.600700 


6 9.608177 474 

7 9.608461 474 

8 9.608745 474 

9 9.609029 473 19.960786 
jo 9.609313 473 9.96073c 


« ICo-sinel Sine. 


9.634838 


9-635*85 


9-639682 


EBggjStt] 


10.370044 

10.369694 




10.368995 10.036458 10. 


ro. 367 250 10.036729 10 


ro.365162 


9.640716 
9.641060 *>73 
9.641404 $73 


9.642434I s 


9.644832 


9.647222 


9.648583 


Co-tang 


m 


10.357909 10.038209 10.396118 
r °-357566 10.038265 10.395830 
ro. 357223 10.038320 10.395543 
10.356880 to. 038376 10.395255 
ro.356537 10.038431 10.394968 
10.356194 10.<538487 10.3946811 

*6-35585246.038542 10.394394 

ro. 355510 10.038598 10.394108 
10.335168 10.0*38654 10.393821 
10/354826 ro.038710 10.393535 












































































































































































































TABLE XXVI 

l*6*t*Mhtff£ , SIftrES, TANG ENT*;* TfWV’SBVAWI 


• ' 26 Degreed 





10.311177 

10.310857 

*o.3*°537 

10.310:17 

10.309897 



10.308300 
10.307981 
xo.30766: 

*0.307344 
10.30702s 
I0 -306707 
10.306388 
10.306070 
10.305752 
*0*305434 


10.305117 


10.047020 
ro. 047082 
10.047145 
10.047207 
10.047269 
*0*047331 

10.047394 

10.047456 

10.0475*9 

ro.047581 




*0.302580 
*o. 302264 


10.301947 

10.301631 

IO - 3 °* 3*5 

10.300999 

10.300684 

10.300368 

10.300053 

10.299737 

10.299422 

10.299107 


*0.298792 

10.298477 

10.298163 
*0.297848 
*°-297534 


*0.350726 

* 0.350473 


10.048272 
10.048335 
10.048308 
10.048461 
to. 0485 24 
10.048588 
ro.048651 
10.048714 
ro.048778 
to.048841 



10.29565 
* 0-295337 
ro.295023 
xo. 294710 

10,294397 

10.294084 

10.29377: 

*0.293459 

10.293146 

10.292834 





10.34644* 

10.346x92 

* 0 . 34594 * 

*0.34569* 

ro.345442 



*0.34369^ 
ro.343449 

xo.343201 
xo. 342953 


Co-sec. 



























































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND 8 EC ANTS. 


I Dill. ICo-sine 


9.949881 

V 9.9498 k 

1 9 - 94975 : 

2 9.949688 

9 . 94962 .^ 

9 - 94955 * 
9-949494 
9 - 9494*9 
9.949364 
9.94930c 

9.949235 


27 Degrees. 


i). I lang. Ditt. |Co-t 


07 9 - 7^7478 

stags 

108 9'7o87i6 5 J 9 
, o8 9-709037 
108 9-709349 , 

108 9-7O9660 59 
,08 9-709971 
,08 9 ;. 7 ?o?|» * 5 



I Secant. | Co-sec. 


ro.050119 
10.050184 
10.050248 
10.050312 
10.050377 
10.050442 
10.050506 
10.050571 
10.050636 
10.050700 
10.050765 


342953 

10.342705 
10.342458 
10.342210 
10.341963 
10.341716 
xo.341469 
xo.341222 
xo.340975 
xo.340729 
10.340483 


Co-tan 


62 



10.280138 
10.279831 
10.279524 
10.276217 
10.278911 
xo.278604 
xo.278298 
10.277901 
5 10 10.277685 
5 10 10.277379 

5 |° 177073 10.053462 

5 xo 10.276768 10.053S29 
509 [to. 276462I10.053596 
5°9 10.276156 
5°9 10.2758s! 

509 10.173546 
599 10.175141 

tot 10 -174935 
xo.274631 
5 08 10.274326 


















































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


Sine. |Diti,|Co-sine| D. 



19-94553* 


39s His 

395 19-945666 
394 1 
394 
394 
394 
393 
393 
393 
39* 

39* 

39* 

39* 

39* 

39* 

39* 

19-94458* 




9.7*6588 


28 Degrees 


| Tang. Difl'.ICo-tang.l 


10.274326 
10.274021 
10.273716 

cot *°-*734*2 

*0.273108 

9-7*7*971 i ' 10.271803 
9-7*750i JI* 10.272499 
9.7*7805! yfi xo.272195 
*06 io - *7*891 
506 
506 
506 
505 
505 
505 
505 
505 
5°4 

504 
504 


Secant. I Co-sec. 


10.271861 

10.271588 

10.271284 



10.054807 

10.054875 

10.054942 

10.055010 

10.055078 

10.055146 

10.055214 

10.055282 

*0-055350 

10.055418 


9.732048 
9-73*35* 
9-73*653 
9-73*955 
9-733*57 
9 f 73355o 
9.733860 
9.734162 
9 734463 
9-734764 


Co-tang 


61 Deerees- 



500 
500 
500 

499 
499 
499 
499 
499 
498 

I08 I 10 -*5*934 

49« 1,0.158635 


IO.O5783I 
t0.05790I 
10.057971 
10.058041 
lO.OjgtiI 
CO.O58I8T 


E31. 


)igitized by 


























































































































































































































LOGARITHMIC 


I Dill'. iCo-sme 


TABLE XXV. 

SINES, TANGENTS, 


‘2<1 Degrees. 

D. I Tuns'. IDitT.ICo- 


, AND SECANTS. 


9-^5571 380 
9 - 6 S 5799 3,0 
9.6H601; 379 

9.686254 I '* 

9.686482 379 
9.686709 379 
9.686956 37 
9.687165 3 'x 
9.687589 ,‘jj 
9.687616 ... 
9 - 68;84 5 
9.688069 
9.688295 377 
9-688521 377 
9-688747 ill 

9.688972 3 ' 6 
9.689198 3 ' 6 
9.689425 37 
9.^89648 375 
9.689875 I75 

9.690098 375 

9.6^0525 
9.690548 3 / 
9.690772 37 
9.690996 '• 
9.691220 

9.691444 ' 

9.691668 
9.691892 373 
9.692115 $ 
9-692859 37i 

9 - 69 i 562 „ 2 
9.692785 37 ! 

9.695008 37 

9.695251 3I £ 

9-695455 | 

9.695676 • ' 
9.695898 37 
9.694120 37 q 
9.694542 37 q 
_ 93694564 ^ 

9 - 69478 1> ( 

9.695007 •,,* 
9.695229 - ( J 
9-695450 3 6 7 

9 -695671 368 
9-694892 3 6if 
9-696115 V28 
9-696554 3 
9-696554 y' 

L 9^96775 6 

9.696995 , 

9-697215 III 
9-^7455 

9.6.77654 3 

9.697874 g 

i 9.698094 .5 

9.698 

9.6^32 36J 
9.698751 395 

9.698970 305 
Co-sine 


941819 

941749 

941679 

941609 

941539 

941469 

941398 

941328 

941258 

941187 

94 1117 

941046 

940975 

940905 

940834 

940763 

940695 

940622 

940551 

940480 
94040 9 
940338 
940267 
940196 
940125 
940054 
939982 
939911 
939840 
939768 

939697 

939625 

939554 

939482 

939410 

939339 

939267 

939195 

939123 

939052 

938980 

9^8908 

938836 

93^763 

938691 

938619 

958547 

958475 

938402 

938330 

938258 

938185 

938113 

938040 

937? 6 7 

937»95 

937822 

937749 

937676 

937604 

937531 

Sine. 


u 7 9.743752 6 

»7 & 

9-744645 $ 

W ] 9 ; 7$40 $ 
II7 9-745558 4 9 . 
117 9-745855 4^ 
u ' 9 - 746 l 52 ^ 

9-7464:9 

7 9.746726 ^95 

117 -- : — 495 

11K 9*747023 £ 

118 9*747319 j '7 
1,8 9-747616 w 

»• $: 2 ES w 

",8 9-748505 W 

S 9-7^* JK 

,,g 9-749595 ? 9 ‘ 2 
,!s 9-749689 6W 

,,g 9 - 749985 ’ 4'^ 
o 9-750281 495 
9-750576 49.1 
!. 9-750872 492 
" 9 9 - 75116 ? 49 * 
9 9-751*62 492 

119 9 * 75*757 91 

9-752052 492 

mo 9-752547 49 * 
‘*9 9.7^264: 49 * 

119 / -l ' _ t . 49 t 

„ 9 9.752957 49I 
119 9 - 755*51 £ 
119 9 - 7555*6 49 

**9 9 '™?;? & 


JIO 4 qO 

9 - 754**5 * 0 - 5 

,^ 9-754409 ’£ ,0.: 
, jo 9-754705 4^ 10.1 
,jo 9-754997 Z, ,0 - 5 

120 9 - 755*91 Z 10.: 

9-755585 „ 10.5 

I JO Z-L-iii-i 489- 

,jo 9.755878 48' 10.5 

ho 9-7.5617* ; 8 ' 10.5 
no 9-756465 4 9 , 0.5 
no 9.756759 4 9 10.5 

no 9 - 75705 * 4 g, 10.5 

no 9-757545 10.5 

no 9-757658 4 10.5 

,j, 9-757951 ’gg 10.5 

!SKiS - 

121 9*759395 10.: 

n 9-759687 $ ,o .5 
n, 9-759979 $ *o-! 
,j, 9 - 760 * 7 * V 10.1 
121 9 •7605^4 l0 -‘ 

“19.76085' 487 ,o.! 

n, 9 - 76114 ^ 4»6 , 0 .. 
9.76I4V; * IO.: 

Co-tang niniti . Tj 


(iO Decrees. 


IQ.O 5818 I 10 . 
10.058251 10 . 
10.058321 10 . 
10.058391 10 . 
10.058461 io* 
10.058531 10 . 
10.058602 10 . 
10.058672 o. 
10.058742 10 . 
10.058813 IO. 
10.058883 10 . 
10.058954 10 . 
10.059025 IO. 
10.059095 10 . 
10.059166 10 . 
10.059237 10 . 
10.059307 IO. 
10.059378 10 . 
10 . 05944910 . 
10.059520 10 . 
10.059591 10 . 
10.059662 10 . 
10.059733 IO. 
10.059804 IO. 
10.059875 10 . 
10.059946 IO. 
10.060018 10 . 
10.060089 IO. 
10.060160 IO. 
10.060232 10 . 
10.060303 10 . 
10.060375 10 . 
10.060446 IO. 
10.060518 to. 
10.060590 IO. 
10.060661 10 . 
10.060733 10 . 
10.060805 10 . 
10 . 0/10877 10 . 
10.060948 IO. 
ro. 061020 10 . 
10.061092 10 . 
10.061164 13 . 
10.061237 10 . 
10 . 06150(7 JO. 
10.061381 10 . 
xo .061453 10 . 
10.061525 10 . 
10.061598 ro. 
10.061670 IO, 
10.061742 IO. 
10.061815 10 . 
10.061887 lo * 
10.061960 IO. 
10.062033 TO. 
10.062105 10 . 
10.062178 10 . 
10.062251 10 . 
10.062324 10 . 
10.062396 IO, 
10.062469 10 , 

Co-sec. Si 


1.314429 
.314201 

•313973 

•.313746 

•3*35*8 

1.3*329* 

.3*3064 

•3*2837 

.312611 

.312384 

.3 11157 

•311931 

311705 

•311479 

•311*53 

.311028 

.310802 

.310577 

•31035* 

.310127 

•3 C 99° : 

.30(7077 

•3°945* 

.309228 

.301)004 

.308780 

•3° 8 55 6 

• 3 o8 33 * 

.308108 

.307885 

.307661 

• 30743 8 

.307215 

.306992 

.306769 

•306547 

.306324 

.306102 

.305880 

•305658 

•305436 


• 303005 
•302785 

•302565 
.30234" 
.302126 
.301906 
.301687 
.301468 
.301249 
. 3 °iQ 3 ° 
ecant. 








TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


30 Degrees 



Degrees 









































































































































































































































































TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


32 Degrees. 


m I Sine. IDitt.lCo-sinel 


Tang. I Diff.lCo-tang.l Secant. 




| Co-sec. I m I 



57 Degrees. 


















































































































































































































TABLE XXV. 

LOGABITHM1C SINES, TANGENTS, AND SECANTS. 


33 Decrees. 


M I Sine. Dirt. Co-sine! D. inn**. IDirt.|Co-tang.| Secant. I Co-sec. 


9*9 2 359 1 
9-9 2 35°9 
9 - 9-3427 
9*9 2 3345 
9*923263 
9.923181 
9.923098 
9.923016 
9.922933 
9.922851 
9.922768 

9.922686 

9.922603 

9.92252b 

9.922438 

9-922355 

9.922272 

9.922189 

9.922106 

9.922023 

9.92194b 


41 9-7439*2 

42 9-74417* 

43 9-74436 i 

44 9-74455° 

45 9.744739 

46 9*744928 

47 9*745117 
4« 9-7453°6 

49 9-745494 

50 9*745683 


51 9-74587I 

52 9.746060 

53 9-746248 

'54 9*746436 

55 9-746624 

56 9.746812 

57 9*746999 

58 9-747I87 

59 9*747374 

60 9.747562 


461 

•812794 : 6t 

m* 
ii 1 

.81472* 

•^S 00 -* 

4^5 460 
46o 

.816:07 W 
.8165X1 459 
-8l6t>48 459 

.81691; 459 

.81720,, 459 
•8.748-1 459 
•817759 459 
.818015 459 
TfhaTic 459 
•818585 458 
.818860 45 » 
•819135 45» 

.819410 458 
.811,684 458 

•8«9959 45» 
.820154 45» 
•820508 458 
.820785 4 5» 
.82105; 4 57 

.821332 “*57 
.821606 ^57 
• 821880 **57 
.822154 *57 
.822429 4 57 
.822703 4 -?7 
.82297; 4 ^>7 
.8232*2 457 
.822524 


M |Co-sine| 


• 9*9339 

•9*9254 

.91916*1 
.919085 
. 9T90CC 
.918915 
.91883c 
.918745 
.918659 
.918574 

Sine. 


• 824072 456 
.814545 4 -’° 
.82461,, 456 
.824891 459 
.825166 459 

.825439 456 

.825712 4.26 
.825986 455 
.8:62*9 455 
7*hoT^ 455 
.826805 455 
.827078 455 

o ' ‘ - Att 


1.827151 455 
1.827624 455 
1.827897 455 
1.828170 455 
I.828442 454 
I.828715 454 
>.828087 454 


Jo-tiin«| 


10.187483 
10.18720b 
10.186930 
10. ih*i053 
ro.186377 
10.i 86 ict 
10.185825 
10.185548 
10.18^272 
10.184996 
10.1847:1 
10.184445 
10.184169 
10.183895 
10.183618 
ro.183342 
10.183067 
10.182791 
10.182516 
10.182241 
10.181965 

10.18169c 
10.181415 
10.181140 
10.180865 
10.180590 
10.180316 
10.180041 
10.179766 
10.179492 
ro.179217 
10T178943 

10.17866H 
10.178394 
10.178120 
10.177846 

*°* *7757* 
10.177297 
10.177025 
10.17675b 
10.176476 

10.176202 
10.175928 
10.175655 
10.175381 
10.175107 
10.174X34 
10.174*61 
10.171*287 
10.174014 
10*173741 
10.173468 
10.173195 
10.172922 
10.172649 
10.172376 
10.172103 
10.171850 
10.17*558; 
10.171285 
10. i7_iorV 

Tang. 


10.076409 10.263891 60 
10.076491 10.263697 50 
ro.076573 10.263502 58 


10.076655 10.263308 57 


10.076737 10. 263114 56 
10.076819 10.26:92c 55 
ro.076902 10.262726 54 
10.076984 10.262533 53 
10.077067 10.262339 52 
10.07714910.262145 51 
10. 077232 ro. 261952 50 
10.077314 10.261759 "49’ 
ro.077307 ro.261566 48 
10.07748010.26137} 47 
ro.077562 10.261180 46 
ro.077645 10.260987 45 
ro.077728 10.160794 44 
ro.077811 10.260602 43 
ro.077894 10.260410 4a 
ro.077977 to. 260217 41 
10.07806c ro. 260025 40 
10.078143 10.259833 39 
10.07822610.259641 38 
ro.078309 10.259450 37 
10.078393 10.159258 36 
10.07847610.259066 35 
10.07855910.258875 34 
10.078643 10.258684 33 
10.07872610.258492 32 
10.078810 10.258301 31 
r o. 078893 10.258111 30 
10.078977 10.257920 29 
10.079061 10.257720 28 
ro.079144 ro 257538 27 
ro.079228 10.257348 26 
ro.07931: ro.257158 15 
ro.079396 10.256967 24 
ro.079480 10.256777 23 
10.079564 10.256587 22 
10.079648 ro. 256398 21 
10.07973 : 10.256208 20 
10.07981610.256018 10 
10.079901 10.255829 18 
ro.079^85 10.255639 17 


10.080069 10.255450 16 


10.080154 10.255261 15 
10.080258 10.255072 14 
10.080323 10.254883 13 
10.080407 ro.254694 12 
10.08049210.254506 11 
10.08057 6 to. 254317 10 
10.080661 10.254129 9 

10.08074610.253940 8 

10.080831 10.25*3752 7 

10.080915 10.153564 6 

10.08100010.253376 5 

10.081085 10.253188 4 

10.08117010.253001 3 

10.081255 10.25*2813 2 

10.081341 10.252626 1 

10. 08142610.252438 o 

Co-sec. Secant. M 


5 () Drn-rpps. 
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TABLE XXV. 


LOGARITHMIC SJNKsJ, TANGENTS, AND SECANTS. 



m t Sine. |Dif!‘. ICo-sincf D, 


OiffJCo-taxig.l Secant. I Co-sec. 


o 9-609313 


9.960730 


039270 10.390687 


1 9-609507 

2 9.609880 

3 9.610164 

4 9-610447 

5 9-610729 

6 9.611012 

7 9.611294 

8 9.611576 

9 9.611858 


°* 3 S xo 77 10.039326 ro.390403 
°-35°737 10.039382 10.390120 
:o - 35 ° 39 ^ 10 -039439 10.389836 
0.350058 10.039495 10.389553 
[0.349719 10.03955 a 10.389271 


0.348364 jo. 039778 10.388142 


16 I9.612140I 


o.348o26|io.o39835|iq.38786o| 


** 9.9^53 - 9.05205< 

13 9-612983 * 68 9-959995 ll 9 . 6529*5 

J 4 9-613264 V 9 - 959 ? 3 » £ 9 - 85332 ( 

*5 9 -613545 ZS . 9-9S9882 95 9-65366. 

16 9.613825 + 7 9.959825 95 9 .6 5 4oo< 

17 9.614105 * 6 l 9 9.59768 95 9.65433 

18 9.614385 9.959711 95 9.65467 

19 9.614^.65 +66 9.959654 95 9.65501 

10 9- 6l4944 * 9.959596 95 9.65534I 

m 9.615123 5 9.9595,9 95 9-65568 ; 

21 9.615502 405 9.959481 95 9.65602* 

13 9-615781 9-959425 95 9.656351 

24 9.616060 + + 9-959368 95 9.65669 

*5 9-616338 +6+ 9-95931° 9-65701! 

27 9.616894 *2 9-959295 ll 9 - 65769 ' 

28 9.617172 M 9.959,38 9 9.65803. 

29 9-6I7450 9-959o8o 9 ” 9,65836. 

30 9. 617717 *2 9.939023 9o 9. 65870 

31 9 628004 ^ * 9.958965 9 9.65903. 

32 9.618281 +61 9.958908 9 " 9.659,7 

33 9-618558 + 1 9.958850 96 9.65970! 

34 9 - 6 , 88.34 +62 9.958792 96 

35 9.619110 + ° 9.958734 9 ;? 9.6(10371 

36 9.619386 +6° 9.958677 96 9.6607:' 

37 9.619662 +6° 9.938619 96 9.66104 

38 9.619938 +?9 9.958561 96 9.66137' 

39 9.620213 +59 9.958503 90 9.66171. 

4 Q 9. 62048 8 459 9.958445 97 9.66104 

41 97620765 9T958387 ll M62371 

4 ^ 9-621038 45 * 9-95*3^9 ? 7 9-66270* 

43 9-621313 9.958271 97 9.66504 

44 9.62x587 457 9.958213 97 9.66337! 

4 $ 9.621861 457 9.958154 W v.66370' 

46 9.622135 - 4 * 5 ^ 9.958096 97 9.66403* 

47 9.622409 4.50 9.958038 97 9.66427: 


0.342636 10.040747 10.383384 
o. 342301 to. 040805 iq. 383*106 
0.341966 10.04086: 10.382828 
0.341631 10.04091910.382550 


0.338290 10.041497 to.379787 
g: 33795 7 10-041555 10.379512 


0-337624 10.04161 


- °- 379»37 
IO * 33739 i 10.041671 10.378962 
0-33695* 10.041729 10.378687 
0.336625 10.04x787 10.378413 
0-336293 10.041846 10.378139 
10.335961 10.04x904 10.377865 
to. 335629 10.041962 10.377591 
to-335297 10.042021 ro.377318 
0-334965 10.042079 10.377044 
0.334634 10.042137 10.376771 


52 9.623774 454 9.957746 97 9.666029 

53 9-624047 454 9-957687 9g 9:666360 

54 9.624319 454 9.957628 9* 9.666691 

65 9-624591 9.957570 9* 9.667021 

56 9.624865 455 9-9575 11 9 667352 

57 9-625135 453 9.957452 98 9.667682 

5* 9-625406 W 9-957393 ^ 9-668013 

2 a 2567 Z « 9-957335 g 9-668343 

6Q_9. 625948 452 .9.957276 9<> 9.668672 

m lCo-«me Sine. | Co-tang 







TABLE XXV. 133 

r.OGAR 1 THMIC SINES, TANGENTS, AND SECANTS. 



■sine 


decant. 


9.95727ft 


10.3313^7 10.042724 
10.330998 10.042783 
10.330668 10.04284*2 

'*0-330339 *0-042901 

10.330009 10.042960 


10.374052 

10.373781 

* 0-373510 
IO - 373240 
io .372970 
I0 -372700 
10.372430 
10.372160 
10.371891 
10.371622 


45 i 
45 i 
45 i 
450 
450 
450 
449 
449 
449 
448 
448 
447 
447 
447 
446 
446 
446 
446 
445 
445 
445 
444 
444 
444 
443 
443 
443 

442 
442 
442 
441 
441 
440 
440 
440 
439 

9 - 6 . 15 S .14 

?:» 1 

9.636623 4 3 ° 


■Jo 9 66900*2 55° 
9.669332 649 
9.669661 549 
9*9.669991 549 
q 4 9 - 670.110 'Jo 

99 1 

00 9-670977 * 4 g 

» It’X 

99 5 . 67 i 96 t 547 

99 9 1 7J 6 9 ‘ M 7 

99 9.671619 54 ^ 
99 546 

8 9‘6? 360I 54 

99 9.67.1919 i \ o . 
55 9-674157 545 

100 9-6745*4 545 
,00 9 -674910 545 

,00 9^75117 544 

100 9-675564 > 44 
I00 9 - 675*90 544 

it®,i ss 

.oo ™ 

IOO 9-677194 543 

TOO 9-677510 593 

100 9 ‘ 677^46 541 
IOO 9 - 67 «x 7 > * 42 
9.6784Q6 542 

100 9 Tm*I 7 542 

101 9.679146 541 
101 9.6 9471 541 
Iot 9^79795 541 
101 9.680120 541 
101 9.680444 540 
101 9.680768 5 40 
101 9.681092 540 
101 9-681416 540 
101 9.681740 539 
101 ^ 768 ^ 6 }* 539 
101 9.682387 539 
101 9.682*710 539 
101 9-683033 538 
101 9.683356 538 

101 9.683679 538 

102 9.684001 538 
102 9.684324 537 
co2 9.684646 537 
101 9.684968 537 

97685290 537 
* : 9-685612 536 
I0 ~ 9.685934 536 
9*686255 536 
9.686577 536 

9.686898 535 
*1 9.687219 535 
H * 9.687540 535 
,1^9.687861 535 
953660! 1 3 9.688182 534 


9957217 

9-957158 

9-957099 

9.957040 

9.956981 

9.956021 

9.956862 

9.956803 

9-956744 

9.956684 


10.32968010.043019 
i°.32935110.043070 
10.32002310.043138 
10.32869410.043197 


10.328366 to.043256 


3 28037 1 10.0433 T 6 


10.371084 

10.370815 

10.370547 

10.370279 
10.37001I 

10.369743 

10.369476 

10.369208 


[10.324436 10.043971 
to. 324110 10.044031 
10.323783 10.044091 

10.32345710.044151 

10.32313110.044211 
10.322806 10.044271 


10.368407 

10.368141 

10.367875 

10.367608 

10.367342 

10.367077 

10.366811 

10.366546 

10.366281 

110.366016 


9-631859 

9-632125 

9.632392 

9.632658 

9.632923 

9.633189 


10.322480 10.044331 
10.322154 10.044391 


10.321829 10.044452 
10.321504 10.044512 


110.321179 10.044572 
10.320854 10.044632! 
10.32052910.044693 
‘10.320205 10.044753 
10.31988c 10.044814 

ITftf TO 


IO.365486 

10.365222 

10.364958 

IO.364694 

!ta. 364430 

ro.364166 
10.363903 
10.363640 


io- 3 i 9556 10.044874 

10.319232 10.044935 
jio. 318908 10.044995 


10.318584 10.045056 
10.318260 10.0451*17 


9.636886 

9.637148 

9.637411 

9-637673 

9-637935 


i 0 - 3 i 7937 10.045177 
10.317613 10.045238 
110.317290 10.045299 
10.316967 10.04536 c 
10.316644 10.045421 
10.316321 10.04548: 
10-315999 10.045543 
110.315676 10.045604 
10-31535410.045665 
10^315032 10.045726 


9.638720 4 ^6 

9 -$ 9 *i «S 

9.639242 

9 ^ 3 vjo.i 4 ^ 
9.639764 
9.640024 4 54 
9.640284 4^4 
964OS44 ff? 

9.640804 433 
9.641064 4-33 


10.314710 to.045787 
10.314388 10.045848 
40.314066 10.045910 

10.313745 10.045971 

,10-313423 10.046032! 
10.313102 10.046094 


10.360497 

10.360236 

10-359976 

10.359716 

10.359456 

10.359196 

10.358936 

10.358676 

to.358417 


10.312460 10.046217 
10.312139 10.04627 8 
10.3118*18 10.04634c 


m ICo-sinej 


Secant. 


6*4 Degrees, 








LOGARITHMIC 


| m [ Sine. IDitf.lCo-sinel 




TABLE XXV. 

SINES, TANGENTS, AND SECANTS. 


2(j Degrees. 

I D. I Tung. IDilf.lCo-tang I Secant. I Co-sec. 






























































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


27 Degrees 


Tang. |L)itt. ICo-tang.l Secant. | Co-sec. 





















































































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


28 Degrees. 


Sine. |Lhti.|Co-sine| D. | Tang. |Ditf. 



9*945935 

9.945868 


19-945733 


28 9*678197 


9.679128 

9.679360 


9.680056 


38 9.6X0519 


41 9.681213 

42 9.681443 

43 9.681674 

44 9.681905 

45 9.682135 

46 9.682365 

47 9.682595 

48 9.682825 


396 
395 i 
395 ! 

395 
395 
394 
394 
394 
394 
393 
393 
393 
392 
39 * 

39 * 

39 * 

39 * 

39 i 
39 i 

9 - 94458 * 

390 

100 ' 


9-944309 

9 . 944*41 

994417 * 


9.944036 

9-94396? 

9 - 94.^99 


9-943830 

9943761 



9 * 94*795 

9.9417*6 


9.941587 

9.941517 


9.94*448 


9 - 7*71971 l ' 
9.7*7501 jr; 
9 -»* 7 «osl ££ 


9 741066I 



ICo-tanj 


10.274326 
10.274021 
10.273716 
ro.273411 
10.273108 
ro. 272803 
10.272496 
10.272195 
10.271891 
10.271588 
10.271284 


Secant. Co-sec. 


10.054065 
10.054132 
10.05420c 
10.054267 
10-054334 
10.054402 
10.054469 

10.054536 

10.054604 

10.054672 

10.054739 


10.328391 

10.328153 

10.32791 

10.327679 

10.32744* 

10.327205 
10.326968 
ro 326732 
10.326495 
10.326259 
10.326023 



9-73*048 

9-73235* 

9-732653 

9-732955 J °3 

9-733257 

9-733558 

9 - 73386 o 5°3 
9-734161 503 

9-734463 5 °l 
9- 734764 502 

9 - 735 o 66 


5 °i 

501 

9 - 737 I 7 I 
9-737471 ^ 
9 - 73777 ' 500 

9.738071 500 
* ' 500 
500 
500 

499 
499 
499 
499 
499 
49 » 
498 
498 
498 
498 
498 

9 - 74*5591 til 



10.266140 10.055896 10.322036 
10^265838 10.055964 10.321803 
10.265537 10.056033 10.321570 
10.265236 10.056101 10.321337 


Co-taiu;l 








































































































































































































TABLE XXV. 137 

LOGARITHMIC SINES, TANGENTS, AND SECANTS._ 


£<■) Decrees. 


M 

Siue. 

Dirt'. 

Co-sine 

O. 

Tung. 

Ditf. 

Co-tang. 

Sec ant. 

Co-sec. 

M 

O 

I 

• 2 

3 

4 

5 

6 

l 

9 

IO 

9.6X5571 

9.685799 

9.686027 

9.686254 

9.686482 

9.6867C9 

9.686936 

9.687163 

9.687389 

9.687616 

9•687843 

380 

379 

379 

379 

379 

378 

378 

378 

378 

377 

377 

377 

377 

376 

376 

376 

376 

375 

375 

375 

375 

374 

374 

374 

374 

373 . 

373 

373 

373 

372 

372 

372 

37 1 

37 i 

37 1 

37 1 

37 ° 

37 ° 

37 ° 

37 ° 

3 6 9 

369 

569 

369 

468 

368 

*68 

368 

367 

367 

367 

367 

466 

366 

366 

366 

365 

365 

365 

365 

9.941819 

9-941749 

9.941679 

9.941609 

9-941539 

9.941469 

9.-941398 

9.941328 

9.941258 

9-941187 

9-94*117 

9.941046 

9 - 94°975 

9.940905 

9.940834 

9.940763 

9.940693 

9.9406:2 

9.940551 

9.940480 

9.940409 

**7 

**7 

**7 

1*7 

**7 

**7 

117 

**7 

117 

**7 

117 

118 
118 
118 
118 
118 
118 
118 
zi8 
118 
1x8 
1x8 
xx8 

118 
**9 
**9 
**9 
**9 
**9 
**9 
**9 

119 

**9 

119 

x *9 

**9 

120 

120 

120 

120 

120 

120 
120 

120 

120 

120 

120 

120 

121 

X2I 

121 

121 

121 

121 

121 

121 

121 

121 

121 

121 

9.743752 

9.744050 

9-744348 

9-744645 

9-744943 

9-745240 

9-745538 

V -745835 

9.746x32 

9.746429 

9.746726 

496 

496 

496 

496 

496 

496 

495 

495 

495 

495 

495 

494 

494 

494 

494 

494 

494 

493 

493 

493 

493 

493 

493 

492 

492 

492 

492 

492 

49 * 

491 

49 * 

49 * 

49 * 

49 * 

490 

490 

49 ° 

49 ° 

49 ° 

49 ° 

489 

489 

489 

489 

489 

48.) 

488 

48H 

488 

4X8 

488 

4X8 

487 

487 

4X7 

487 

487 

487 

486 

486 

10.256248 

* 0 . 25595 ° 

10.255652 

*0.255355 

*0-255057 

10.254760 

10.254462 

10.254165 

10.253868 

10.253571 

10.253274 

10.058181 
10.058:51 
10.058321 
10.058591 
xo.058461 
10.058531 
10.058602 
10.058672 

10.058742 

10.058813 

10.058883 

10.314429 

10.314201 

io- 3*3973 

10.313746 

10-313518 

10.313291 

10.313064 

0.312837 

10.312611 

10.312384 

10.312157 

60 

J >9 

5 X 

57 

56 

55 

54 

53 

5 * 

5 i 

5 ° 

11 

12 

13 

14 

\i 

*7 

18 

x 9 

20 

9.688069 
9.68829s 
9.688521 

9.688747 

9.688972 

9.689198 

9.689425 

9.68964X 

9.689875 

9.690098 

9 - 747°23 

9 - 7473*9 

9.747616 

9 - 7479*3 
9.74820*) 
9-748505 
9.748801 
9 - 749°97 
9-749393 
9-749689 

9 - 749985 ’ 

9.750281 

9 - 75°576 

9.750872 

9.751167 

9.751462 

9 - 75*757 

9.752052 

9752347 

9.752642 

10.252977 
10.252681 
10.252384 
10.252087 
10.251791 

10.251495 

10.251199 
10.250903 
10.250607 
10.250311 

10.058954 

10.059025 

10.059095 

10.059166 

10.059237 

10.059307 

io-059378 

*0.059449 

10.059520 

10.059591 

10.311931 

10.311705 

10.311479 

10.311253 
ro.311028 
10.310802 

10.3*0577 

10.210252 
10.310127 
10.30990: 

it 

46 

45 

44 

43 

42 

41 

40 

21 

22 

*3 

24 

2 5 

26 

ll 

29 

30 

9.1*90323 

9.690548 

9.690772 

9.690996 

9.691220 

9.691444 

9.691668 

9.691892 

9.692115 

9.692339 

9-940338 
9.940267 
9.940196 
9.940125 
9.940054 
9.939982 
9.939911 
9-939840 
9-939768 

9-939697 

10.250015 
10.2497x9 
10.249424 
xo.249128 
10.148833 
10.248538 
xo.248243 
I0.24794X 

10.247653 

10.247358 

10.05966a 

*0.059733 

10.059.604 

10.059875 

10.059946 

10.060018 

10.060089 

10.060160 

10.060232 

10.060303 

10.301) 077 

10.309452 

10.309228 

10.301) 004 
10.30878c 
10.308556 
*0.308332 
10.308108 
10.307885 
10.307661 

39 

3 » 

37 

36 

35 

34 

33 

32 

31 

30 

3 i 

3 * 

33 

34 

35 

36 

ll 

39 

40 j 

9.692562 

9.692785 

9.693008 

9.693231 

9-693453 

9.693076 

9.693898 

9.69412c 

9.694342 

9.694564 

9 939625 
9-939554 
9.959482 
9.939410 

9-939339 

9.939267 

9 - 939*95 

9-939123 

9 - 939°52 

9.938980 

19-752937 

19 - 753*31 

9 - 7535*6 

9-753820 

9 . 754*15 

9*754409 

| 9 - 7547°3 

9-754997 

9-755291 

9-755585 

9.755878 

9.756172 

9-756465 

9.756759 

9-757052 

9-757345 

9.757638 

9 - 75793 * 

9.758224 

9 - 7585 I 7 

ro.247063 
10.246769 

ro.246474 

10.246180 
ro.245885 

10.24559* 

10.245297 
10.245003 
10.24470*7 

10.2444*5 

xo.060375 
10.060446 
10.060518 
10.060590 
10.060661 
10.060733 
10.060805 
10.060877 
10.060948 
ro.061020 

10.307438 

10.307215 

TO.306992 

ro.306769 
10.306547 
10.306324 
10.306102 
10.305880 
10.305658 
x0.305436 

29 

28 

ll 

55 

24 

*3 

22 

21 

20 

4 1 

42 

43 

44 i 

46 

47 
4^ 
49 

JO_ 

9.694786 

9.695007 

9.695229 

19-69545° 

9.695671 

9.695892 

9.696113 

9-696334 

9.696554 

9 - 69 6 775 

9-9^8908 

9.938836 

9-938763 

9.938691 

9.938619 

9-938547 

9-938475 

9.938402 

9 - 93833 0 

9.938258 

10.244122 
10.243828 
* 0.243535 
10 . 243 * 4 * 
10.242948 
10.242655 
10.24*36: 
10.242061; 

10.241776 

10.24*483 

10.061092 
io. 061164 
10.061237 
10.061309 
10.061381 
10.061453 
10.061525 
10.061598 
10.061670 
10.061742 

10.305214 
* 5.304993 
10.304771 
JO. 304550 

10.304329 

10,304108 
10.303887 
*0.305666 
10.303446 
xo.303225 

U 

*7 

16 

*5 

*4 

*3 

12 

11 

10 

5 *~ 

5 * 

53 

54 

55 

56 

57 

58 

60 

9.696995 

9.697215 

9-^7435 

9.697654 

9.697874 

9.698094 

9.6*78313 

9.698532 

9.698751 

9.698970 

9.938185 
9 - 93 »U 8 
9.938040 
9 937?67 
9-937595 
9.937822 

9-937749 

9.937676 

9 - 9376 o 4 

9 - 93753 1 

9-758Xio 

9.759x02 

9-759395 

9.759687 

9-759979 

9.760272 

9.760504 

9.76085' 

9.76x14)- 

9 . 76 * 4*9 

10.:4119c 
10.240X98 
ro. 240605 
CO. 240313 
10.240021 
10.239728 
10.259436 
10.239144 

10.238852 
r0.238561 

10.061815 
10.061887 
10.061960 
10.062033 
10.062105 
ic.062178 
10.062251 
10.062324 
10.062396 
10.062469 

10.303005 

10.302785 

10.302563 

110.302346 
10.302x26 
i 10.3019 6 
10.301687 
10.301468 
10.301249 
10.301030 

8 

1 

5 

4 

3 

2 
1 
0 

M 

Co-sine 


Sine. , 


Co-tang 


Taxis. 

Co-sec. 

Secant. 

M 


(iO Degrees. 


s 










TABLE XXV. 


LOGARITHMIC 


SINES, TANGE 


30 Degrees 


1). lang. 


9.761439 


NTS, AND SECANTS. 



9'763479 V 

9-76377° 

9.764061 , 


9-764933 $ 
9 - 76 S M 4 
4.765514 JgJ 


9-7 6 7834 
9.768U4 «5 

-ABtl.4 4»2 



Co-tang. 

10.23H5O1 
10.238267 
10.237977 
10.237680 
10.237394 
10.237103 
10.23681: 
10.236521 
10.23623c 
IP *235939 
10.23564b 

10.23535? 

10.235067 
10.234776 
10.234486 
10.234195 
10.233905 
10.233615 
10.233325 
10.233035 

10.232745 

10.232455 

10.232166 
10.231876 
10.231586 
10.231297 
10.231008 
16.230719 
10.25045c 
10.25014; 
10.229852 
10.229565 
10.2:9274 
ro.228985 
10.22869; 
10.2:840' 
10.228120 
10.227832 
10.227543 
10.22725s 
10. 2269?)'; 
10.226679 
10.226392 
10.226104 
ro.225816 
10.225529 
10.225241 
10.224954 
10.224667 

10.224379 

10.2 24092 : 
10.223805 
10.223518 
10.225231 
10.22:945 
10.222658 
10.222372 


0.062469 
[0.062542 
0.062615 
0.062688 
0.062762 
0.062835 
0.062908 
0.062981 
0.063054 
0.063128 
0.063201 
0.063275 
[0.063348 
0.063422 
: 0.063495 
0.063569 
ro.063643 
[0.063716 
[O.063790 
10.06^864 
[O.063038 
10.064012 
io.064086 
[0.064160 
[0.064234 
[0.064308 
[0.06438: 
[0.064457 
[0.064531 
10.064605 
[0.0646.8c 

:oTc64754 

[0.0648:9 

[0.0649-03 

io.064978 

[0.06505: 

[0.065127 

[0.065202 

[0.065277 

0.065351 

0.065 4-6 

0.065501 

0.065 5 7 6 

0.065651 

0.0657:6 

0.065801 

0.065877 

0.065952 

0.066027 

0.066102 

0.066178 

0.066255 

0.066329 

0.06640 

0.0664 

0.0665 

0.0666 

0.0667 

0.0667! 

0.0668 

0.0669 


Co-sec. 

__ 

10.301030 

10.300811 

10.300593 

10.300374 

10.300156 

10.29993X 

I10.29972C 

10.299502 

10.299284 

10. 299067 
10.298849 
10.29863; 
10.298415 
10.298198 
10.297981 
13.297764 
10.297548 
• 0 -- 97 . 1 .U 
10.297115 
10.296899 
10.296683 
10.296467 
10.296251 
10.296036 
10.295821 
10.295605 
ro.295390 
10.295175 
ro.294960 
10.294746 
10.294531 
10.294317 

ro.294102 
10.293888 
ro.293674 
10.295461 

10.293247 

10.29305 : 
10.29282c 
10.292607 
10.292394 
10.292181 
10.291968 
10.291755 
10.2915V2 
10.29133c 
10.29U1S 
10.290906 
10.190694 
10.290482 
10.290270 
10.290059 
10.289847 
10.289636 

10.289425 

10.289214 
10.289003 
io.288792 
10.288581 
10.288371 
10.288161 


5 }) Degrees. 
































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


.31 Degrees. 



58 Degr^gfcy Lj OOQ le 





























































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS* 


32 Degrees 


Co-siue| D. | Tang. | Diff.|Co-tang.| Secant. | Co-sec 


9 . 7957*9 




10.271573 

10.271374 

10.271175 

10.270976 

10.270777 

10.270578 

10.270379 

10.270180 

10.269982 

10.269783 



Co-iung 


10.189975 ro.075672 10.265647 
10.189698 10.07575 \ 10.265451 
10.18942c 10.075846 10.265256 
IO.X89143 10.075917 10. 2650?)i 
IO.188866 10.075999 10.264865 
10.188590.10.076081 ro. 264670 
10.188313 10.076163 10.164475 
10.188036 10.076:45 10.26428*1 
10.187759 10.076327 10.264086 
10.187483 10.076*400 10.263891 


Secant. 










































































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANCENJS, 


33 Degrees. 


AND SECANTS. 
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TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


So Degiees. 


M 

Sine. 

Co-sine 

D. 

Tan". 

Dirt 

Co-tung 

Secant. 

Co-sec. 

M 

0 

I 

‘>•758591 

9.758772 

301 

9-913365 

9 • 9 1 3 z 7 6 

i 47 

9-845 .*7 
9 *45496 

448 

448 

448 

448 

4 48 

448 

10.154773 

10.154504 

10.08663s 
10.0867:4 

10.24140*7 
10.241228 

60 

59 

a 

3 

4 

9.758952 

9.759132 

9.759312 

300 

300 

300 

9.9^4187 
9.913099 

9-91301° 

!47 

14X 

14X 

14H 

14X 

148 

148 

143 

148 

148 

148 

9.845764 

9.846033 

9.846302 

10.154236 
10.153967 
10.153698 

10. 08681 • 
10.086901 
10.08699c 

10.241048 
10.240868 
10.240688 

5 * 

57 

56 

i 

9.759492 

9.759672 

300 

9.9129:2 
9 * 9 1 2^33 

9.846570 

9.846839 

10.15345° 

10.153161 

H 

rv 1— 
X X 

0 0 
6 0 

10.240508 
10.240328 

55 

54 

l 

9-759852 

9.763331 

299 

299 

9-912741 
9 - 9 1 2655 

9.847107 

9.847.V 6 

4 -t j 

447 

10.152X95 
10.152624 

10.087256 
ro.087345 

10.24014X 
10.239969 

53 

52 

9 

9.760211 

299 

4.912560 

9-847644 

447 

10.152356 

10.087434 

10.239789 

5 « 

IO 

9.760390 

299 

299 

298 

298 

298 

298 

298 

$ 

9.912477 

9.847915 

447 

447 

10.15208; 

10.087525 

10.23961c 

50 

ii 

9.763^9 

9.91: 48 ft 

9.848181 

10.151819 

10.0S7612 

10.259431 

49 

12 

9.760748 

9 - 9 I 2299 

9.848449 

447 

xo.151551 

10.087701 

to.259252 

4 « 

13 

9.760927 

9.9i::iO 

149 

9 "« 4 » 7 I 7 

447 

£0.I51285 

10.087790 

10.259073 

47 

14 

9.761106 

9.912121 

149 

9.848986 

447 

10.151014 

10.087879 

10.238X94 

46 

15 

9.76128s 

9 .QI 204 ) 

149 

9.849254 

447 

10.150746 

10.087969 

10.238715 

45 

16 

9.761464 

9.91194: 

149 

9.849522 

447 

10.150478 

10.088058 

10.238536 

44 

17 

9.761642 

9.911853 

149 

9.849790 

447 

446 

446 

446 

446 

10.15021c 

10.088147 

10.238358 

43 

18 

9.761x21 

9.761999 

29 ' 

9 - 91176 .‘ 

149 

9.8so-os8 

10.149942 

ro.088237 

10.238179 

42 

!9 

297 

9.9H67.I 

149 

9850525 

ro.149675 

10.08X326 

10.238001 

41 

20 

9.76:177 

297 

297 

9 - 9 II 584 

149 

149 

9.850593 

10.149407 

ro.088416 

10.237823 

40 

21 

9.76:3 s'> 

9-911495 

9.850861 

10.1491 W 

10.08X505 

10.237644 

39 

22 

9.762534 

297 

296 

296 

296 

296 

296 

99114 °: 

149 

)• 851129 

44,) 

n. 148871 

ro.o 88 s 9 s 

10.237466 

38 

2 3 

9.76271: 

9.9H315 

149 

'>•851596 

446 

446 

446 

446 

446 

446 

10.14860 

ro.088685 

10.2372X8 

37 

2 4 

9.762889 

9.9112:6 

15 ^ 

9.851664 

10.148336 

10.088774 

10.2371II 

36 

2 5 

9.763067 

9.9III46 

15° 

9.851931 

10.148069 

10.088864 

10.1:6933 

35 

26 

9 -763245 

9.911046 

15° 

9*85:199 

10.147801 

10.088954 

10.236755 

34 

27 

28 

9 - 7 6 3422 

9.764600 

9.9IO956 

9.910866 

15° 

15° 

9.852466 

9.852735 

10.147534 
10.14726; 

10.089044 

10.089144 

10.236578 

10.236400 

33 

32 

29 

9.763777 

295 

9 - 9 ^ 77 ^ 

1 50 

9.8s V-Oi 

445 

10.146999 

10.089224 

10.236223 

3 i 

3 ° 

9 763954 

20 > 

295 

>.91:0X6 

* 5 ^ 

9 83 U6X 

445 

10.14673: 

10.089314 

10.236046 

30 _ 

31 

9-764131 

9.9105(46 

x 5 ° 

9-853535 

445 

10.146465 

10.089404 

10.235869 

29 

3 - 

9-764568 

295 

9.9IOSO6 

15 ° 

9•85580: 

445 

10.146198 

10.0S9494 

10.23569: 

28 

33 

9-764485 

295 

9.9IC415 

1 so 

9.854,69 

445 

10.145931I 

ro.oSqsfcs 

10.235515 

27 

34 

9.76466: 

2 m 

9.9IO325 

ISC 

9-854336 

445 

10.145664 

10.089675 

10.255338 

26 

35 

36 

9-76^38 

294 

9.9IO235 

151 

9854603 

445 

to. 14559;! 

10.08976s 

10.25510: 

2 5 

9.765015 

294 

9-910144 

151 

9.854X70 

445 

1°.14513c 

10.0X985? 

to.2549X5 

24 

i 37 

9-765191 

294 

9.910054 

151 

9-855137 

445 

ro.144865 

10.0X9946 

i0.254809 

23 

38 

9* 765467 

294 

9.909064 

151 

9 855404 

445 

10.144596 

10.090037 

10.254653 

22 

39 

9.765544 

294 

9.909875 

151 

9 855671 

445 

ro.144329 

10.090127 

10.23 ;vs6 

2T 

40 

9-76572- 

293 

9.90478: 

151 

9-855938 

444 

ro.144062 

10.0902r8 

ro.23128c 

:o 

41 

9.765H96 

293 

9-9 V> 9 * 

! 5 I 

9.850204 

444 

1°. U 37 ‘/> 

10.090509 

10.244104 

19 

42 

9.766072 

293 

9.909601 

151 

>.856471 

444 

ro.143529 

10.09*05 v>(. 

10.2359:8 

18 

43 

9.766:97 

293 

9.90951c 

151 

9-856757 

444 

10.143:63 

10.09049c 

• 2 55755 

17 

4; 

9.7664:3 

293 

9 . 9^9419 

151 

9.857004 

444 

10.142996 

r0.090581 

^•235577 

16 

45 

9.766^98 

293 

?• 9 - 932 * 

151 

9.8572/0 

444 

10.14273c 

ro.09067: 

10-233402 

*5 

46 

9-766*774 

292 

7 - 9 -D 57 

152 

9-85753? 

441 

ro.14246, 

ro.09076. 

10.2332:6 

14 

47 

>• 766949 

292 

9.909146 

152 

9.857805 

444 

10.142197 

10.090854 

10.233051 

13 

48 

9-76712; 

292 

9.909055 

152 

>.8s8069 

444 

10.141931 

110.090945 

10.232876 

12 

49 

9.76730c 

292 

9.908904 

152 

9 - 8 s 8 ^o 

444 

ro.141664 

90.091036 

10.23270c 

11 

50 

9.76747? 

292 1 

9.90887' 

*52 

;.8sX6o- 

444 

ro.141398 

10.091127 

10. 23:5:; 

ro 

51 

9-767649 

291 

9 •9°X; 4 j 

152 

>. Xso 9 .j£> 

44 \ 

10.14115 

10.091211 

IO - 2 3235i 

9 

52 1 

9.767X24 

291 J 

7.9o86 v o 

152 

9 • 8591.-4 

445 

ro. 14086! 

10.09131- 

10.23:1;! 

8 

53 , 

9.76709W 

291 

0.90X49-, 

1521 

9.859V ' 

445 

ro.140600 

10^91401 

10.23:00 

7 

54 

9-76817. 

291 

9.9V850; 

152! 

9.859669 

415 

ro.140334 

10.09149: 

10.251S27 

6 

55 j 

9.768348 

291 

9.908416 

152 

9 -85995: 

445 

10.J4906H 

10.0915X4 

10.23165: 

5 

56 

>• 768 s 2-2 

290 

4.9V3324 

153 

9.86019X 

445 

10.139X0: 

10.091671 

1 10 -23147* 

4 

57 

9.768697 

290 

9.90X23, 

154 

9.860464 

443 

ro.139556 

10.C9T76; 

i°.231305 

3 

58 

9.768S7I 

290 

9.90X141 

153 

9.89075c 

443 ‘ 

10.1592:0 

ro.091859 

10.2311 :q 

2 

59 

9 . 769045 1 

290 

9.90X04(5 

153 

4.86099; 

443 

ro.13900s 

10.091051 

10.2309;5 

1 

60 

9.769319, 

290 

0.90795X 

153 

9.861261 

443 

to.138739 

IO.C92042 

10.230781 

0 

M j 

Co-sinc 1 


Sine. 


Co-tungl 

Digiti; 

1 

(|4@ec. 

Secant. 

M 


54 Degrees. 









TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


_ .\5l) Degrees. 



to.138739 


10.137942 
10.137677 
to.137411 
10.137146 
10.136881 
10.136615 

10-136350 




. 13582c 10, 
.135555 IO. 
. 13529c 10, 
.135025 10, 
.13476c 10 

.134495 10 

. 134230 10 

. 133965 10 

.133700 10 
.133436 10 


.133171 10 
. 132906 10 
.13264: to 
• 13*377 >0 
.132113 10, 
. 131848 10 
.131584 10 
.131320 10 
•131055 10 
.130791 10 


• 130527 

. 130263 
.129999 

• 129735 

.129471 



10.230781 
10.230607 


50 
55 

54 

10.229567I 53 


093055 10. 
093148 10. 
093240 10. 
093333 10. 
0934:5 10. 
093518 10. 
093611 10. 
093704 10 

093796 10. 
093889 10. 


093982 10. 
094075 10. 
094168 10. 
094261 io. 

°94355 I0 - 
094448 10. 
094541 10. 
094634 10. 
094728 10. 
0948:1 10. 


22887' 

22870: 

22853° 

228357 

228185 

228013 

517841 

227669 

227497 

227325 


227153 39 
22698: 38 
226810 37 
22663., 36 
22640; 35 
226296 
226125 

225954 
225783 

225612 


m | Co-sine 


9-902539 

9.901444 

9.902349 


Sine. 



Co-taugl | Tang. | Co-sec. 


53 Degrees. 


10.221713 

10.221545 

10.221376 

10.221208 

10.221040 

10.220872 

10.220705 

10.220537 


1 Secant. | 
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TABLE XXV, 


LOGARITHMIC SINES, TANGENTS, AND SECANTS, 


38 Degrees 


bine. |L)iff. tCo-sinel L). i T 


becant. I Co-sec. I m 


° 9 - 7 * 934 * 

1 9.789504 

2 9.789665 

3 9 - 7898*7 

4 9-78998# 

5 9 - 79 °M 9 

6 9.790310 

7 9 - 79 ° 47 * 

8 9.79063a 

9 9 - 79°793 
10 9-790954 


10.107190 10.103468 10.310658 60 
10.106930 10.103567 10.210496 59 
10.106669 10.103665 10.210335 58 


9-896433 . 

9 -*<AW 5 J 

9.896136 
9.8961^7 
9.89603X 1 
9•*95939 | 
9 -* 95 * 4 ° 

9-*95741 . 
9.895641 
9- ^9554 2 ] 
9-895445 , 
9-895345 
9-895244 . 
9 - 895 M 5 , 

9-895045 , 

9-894945 . 

9.894846 ! 

9.894746 

9.894646 

9. 894546 

9.894440 

9.894346 

9.894246 

9.894146 

9.894046 

9-895546 

9.893846 

9 893745 

9.893645 
9 .-. 89.4544 
9-893444 
9-893343 
9-893143 
9.893142 
9.893041 
9.892940 
9.891839 
9.891739 
9-891638 
9- 891536 
9-892435 
9-892334 
9.892233 
: 9-89:132 
; 9.892030 

; 9-891929 

; 9-891827 
; 9-891726 
9.891624 
• 9- 891523 

9.891421 

9.891319 

9.891217 

9.891115 


9.893070 

9-893331 

9-893591 

9.893851 

9.894III 

9.894371 

9.894632 

9.894892 

9 - 895 I 5 * 

9. 895412 

9.895672 

9.895932 

9.896192 

9.896452 

9.896712 

9.896971 

9.897231 

9.897491 

9-897751 

9.8980IC 
9.89827C 
9.8985^0 
9.808789 
9.H99O49 
9 . 81)9308 
9.899568 
9.8998:7 
9.90008^) 
9.9OO346 
9.900605 


10.106409 10.103764 10.210173 57 
10.106149 10.103863 10.210012 56 
10.105889 10.103962 10.209851 55 
10.105629 10.104061 10.209690 54 


05629 10.104061 10.209690 54 
10.105368 10.10416c 10.209529 53 
10.10510810.10425910.209368 52 
10.104848 10.104359 10.209207 51 
10.10458810.10445810.209046 50 


11 9 •79 111 5 

12 9 - 79 r *75 
*3 9 - 79 M 3 6 
M 9 - 79 T 59 6 

15 9 - 79 I 757 

16 9-7919*7 

17 9 - 79*077 

18 9.79*237 
*9 9 - 79*397 
20 9 - 79*557 


10.10432810.10455710.208885 49 
10.104068 10.104657 10.208725 48 
10.103808 10.104756 10.208564 47 
10.103548 10.104855 10.208404 46 
10. ioj j88 10.104955 1 10.208243 45 
to. 103029 10.105055 10.208083 44 
10.102769 10.105154 10.207923 43 
10.102509 10.105254 10.207763 42 
10.102249 10.105154 10.207603 41 


21 9.792716 

22 9.792876 
*3 9 - 793°35 
*4 9 - 793*95 
*5 9-793354 
*6 9 - 7935*4 
»7 793*73 
1* 9 - 793 *. 1 2 
n 9 - 79 .W 
30 9 794 t 5 ° 


10.10173c'ro. 105554 10.207284 39 
10.10147c 10.105654 10.207124 38 
10.10121110.10575410.206965 37 
10.100951 10.105854 ro.206805 36 
10.100692110.105954 ro.206646 '35 
10.100432 10.106054 10.206486 34 
10.100173 10.106154 ro.206327 33 
10.09991410.10625510.206168 32 
10.09965410.10635510.206009 31 


10.0993951ro. 106456)ro. 203830I 30 


3* 9-79430# 

32 9 794467 

33 9-794626 

34 9*7.94784 

35 9-79494* 

36 9-795*0* 

37 9-795*59 

38 9-795417 

39 9 795575 

40 9-795733 

41 9*795#9* 

42 9-796049 

43 9-796206 

44 9-7W4 

45 9-79^5:1 

46 9-7<>6679 

47 9‘7968.46 
4* 9.79699,1 

49 9-79715° 

50 9- 797.P7 

51 9797464 
51 9-797611 

53 9-797777 

54 9-797934 

55 9-79809 1 

56 9.798147 

57 9-79»4o;, 

58 9-79*56c 

59 9-79*716 

60 9-7'l**7 2 


9.900864 «* 
9.901124 4 ''* 
9.901383 4 3 2 
9.901641 432 
9.001001 4 3 * 
9.90216c 43 * 
9.901419 
9.-901679 431 
9.902938 43 * 
9 - 9 ° 3*97 432 

9-903455 * 1 ) 
9.903714 43 * 

9 - 9^3973 
9*90423? 43 * 

9.90449' w 
9.90475c 431 
9»905008 ‘>3 * 
9 4 905267 43 * 
9,905526 43 * 
9 - 90$784 4 - u 

9.906043 4 * 41 
9.906302 43 * 
9.90656c 43 * 
9.906819 43 * 
9,907077 43 i 
9 - 9 ° 733 c> 431 
9 - 9°7594 4,1 
9.907852 43 * 
9.908m 43 * 
9.908369 43 * 


10.098617 10.106757 lo.205374 *7 
10.098358 ro. 106858 to. 205216 26 
10.09809910.10695910.205058 25 
10.09784010.10706010.204899 24 
10.097581 10.107161 10.204741 23 
10.097321 ro. 107261 ro.204583 22 
,10.09706210.10736:10.204425 2t 
10.096803 10.107464 10.204267 20 


10.09499210.108173 10.203164 
10.094733 10.108274 10.203007 
10.094474 10.108376 10.202850 


10.094216 IO. 108477 10.202693 10 


* 0-093957 10.108579 10.202536 
10.093698 10.108681 10.202379 
10.093440 10.108783 1O.202225 
10.093181 10.108885 10.202066 
10.092923 10.108987 10.201909 
10.09 2664 10.109089 10.201755 
10.092406 10.109191 to.201597 
10.091148 10.109293 10.20144c 
.01284 


9.891013 

9.890911 

9.890809 

9.890767 

9.890605 

9.890503 


10.091889 10.10939* to, 


10.091631 IQ. 10 9497 10. 20 11 


Cd -bc^; I Secant. 








TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS 


ICo-sine 


908369 

908628 


909144 

909402! 


9.8021:8 

9.802282 

9.802436 

9.802589 

9.802743 

9.802897 

9.803050 

9.803204 

9-803357 

9.803511 


9.803664 

9.803817 

9.803970 

9.804123 

9.804276 

9.804428 

9.804581 

9.804734 

9.804886 

9.805039 


9.884466 












































































































































































TABLE XXY r . 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 



m ICo-sine 


Co-taug) [ Tang. 


49 Degrees. 




























































































































































































































Secant, 


9.87778c 

9.877670 

9.877560 

9.877450 

9-877340 

9.877230 


9*939 l6 3 


9.940949 

9.941204 

9.941458 

9.941714 


10.053483 
ro.055229 
ro.054974 
10.054719 
10.054465 
ro.054210 
*0.053955 
10.053701 
10.053446 
10.053192 


10.180024 

10.179880 

* 0.179737 

10.179594 

10.179450 

10.179307 


9.819976 

9.82012c 

9.820263 

9.820406 

9.82055c 

9.820695 

9.82083ft 


9.820979 

9.821122 

9.821265 


872005 


.95215c 

952405 


9-9529I3 


9•9534a1 


953929 

954183 


I9-871Q731 


ICo-sine 


Co-sec.JSecant 


48 Degrees. 




















































































































































































TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS 


4 ( 2 Degrees, 


Secant. 1 Co-sec 


o-sinc 


9 - 8255 ** 

9 825651 

9-825791 

9.825931 
9.826071 
9.826211 
9.8:6351 
9.826491 
7.826631 
9.8:6770 
7.82691c 
9.827049 
9.827189 
9.82732X 
9.827467 
9.827606 
9 - 8*7745 
9.827884 
7.8280:1 
9.82816': 
9.82830] 


9-87*073 

9.87096c 

9.870846 

9.870732 

9.870618 

9.870504 

9.870390 

7.870276 

9.870161 

9.870047 

9■86993 3 

9.869818 

9.869704 

9.869589 

9.869474 

9.86936c 

9.869245 

9.869130 

9.869015 

9.868900 

9.8 68783 

9T868670 

9 -» 68 5 55 

9.868440 

9.868334 

9.868209 

9.868093 

9. R6797SI 

0.867H6: 

9.867747I 

9 - 8675*5 
7--'7599 
9.867283 
9.867167 
9.867051 
9.866035 
9.866819 
9.86670$ 
9.866586 
9-866470 
9.866353 
9.8662.37 
9.86612c 
9.866004 


9-954437 
9 954691 
7-954945 
9.955200 

9 955454 
;• 9557°7 
. 9 - 95596 * 
7.956215 
7.956469 
7.956723 
9.956977 


10.042769 10.130182 10.172951 49 
10.042515 10.13029610.172811 48 
10.042261 10.130411 10.172672 47 
10.04200710.13052610.172533 46 
10.04175410.13064010.172394 45 
10.04150:10.13075510.172255 44 
jio.041246 10.13087010.17^1161 43 
10.040992 10.130985 10.171977 42 
•10.040738 10.131100 10.171838 41 
110.040484 lo. 131215 10.171699 4 ° 


9 - 957 * 5 1 
7.957485 
9-957759 
9-957995 
7.958246 
9.958500 
7-958754 
7.959008 

9.959262 

7959576 


10.040231 10.13133c 10.171561 39 
10.039977 10.13144510.171422 38 
10.039723 10.131560 10.171284'*37 
10.039469 10.131676 10.171145 36 
10.03921610.131791 10.171007 35 
10.038962 10.131907 10.170869 34 
10.038709 10.132022 10.170731 33 
ro.038455 10.132138 10.170593 32 
10.038201 10.13225310.170455 31 
IO.O37948 10.132369 [Q.I7O3I7 30 


')-959769 
9.960023 
9 - 96027 '7 
9.96052I 
9.960784 
9.961038 
9.961291 
9.961545 
9.96179., 
9.962052 

9.96230a 
9.962560 
9.962813 
9.96306} 
y.963320 

9 - 9 6 5574 
9.963827 
9.964081 
7-964355 
y. 964588 

9.964842 

9-965095 

9 965549 
9.965602 

9-965855 

9.966109 
9.966362 
9.966616 
9.966869 
9*967i 23 

9-967576 
9.967629 
9.967885 
9.968136 
9.968389 

9.968645 

9.968896 
9.969149 
9.969403 
Q.969656 


IO.O37694 


10.13248510.170179 29 
10.132601 10.170041 28 
IO.1327 17 10 .169903 27 

IO.I338331O.169766 26 
IO.I32949IO.169628 25 

IO.13306SIO.169491 24 

30.133181 10.169354 03 
*°*I33297 10 . 1692X6 22 
IO.I 334 I 4 *0. 169079 21 
Ifo. 13353 ° *0. 168942 20 


9.829950 

9!- 830097 

9 8302.U 

9 - 83037 * 

9.830509 
9.830646 
9.830784 
9.8309^1 
9.831058 


10.037440 
ro.037187 
10.036933 
10.036680 
10.036426 
10,036173 
10.035919 


9.831195 

9 ^ 3 M 32 
9.851469 
9.831606 
9.83:74; 
9.831879 
9.832015 
9.83215: 
9.832288 
9.8324 25 
9! 832515 

9.83269; 
9,832833 
9;830969 
9 t 8 33 IC 5 
9 ? 833243 
9183337; 

9 t83351: 
9 !833648 
9*833783 


10.133647 10.168805 19 

IO.133763 IQ.168668 l8 
IO.I6S531 17 
ro. 133996 10.168394 16 
10.134113 10.168258 15 
10.13423c 10.168121 14 | 
10.13434710.167085 13 
10.13446410.167848 It I 

IO. 13458110.167712 11 I 

IP. 134698 IQ-. 1.67575 10 I 


10.035158 

10.034905 

10.034651 

10.034398 

ro.034145 
10.033891 
10.033628 

10.033584 

10.033131 
110.'03 287 7 


19.86588; 


9.865770 

9.865653 

9.865536 

9.865419 

9.865302 

^865185 

9.86506H 

9.H64050 

9864S55 

9.864716 

9^864598 

9.864481 

9.864363 


10.032624 


10.134815 10.167439 
10.134932 10.167303 
*0-135050 10.167167 
10.135167 10.167031 
10.135284 10.166895 
*0*135402 10.166759 
* 0 . 1355*9 *0.166623 
*0.135637 IQ. 16648^ 
|*°-*35755 *° *66352 
[10.135873 13. 166217 


10.032371 
10.032117 
10.031864 
ro.031611 
ro.031357 
r0.031104 
ro.030851 
110.030597 
[10.030344 


9-864245 


(Co-sine 




47 Degrees, 




TABLE XXVr’ n -~ MI 1 1J1 I 

logarithmic sines, tangents, and secants. 


Sine. 


1 ). Tang. 


222 

222 


^.982056 432 


^.982309 432 


9.982814 421 


9.840328 

9 . 84045 ^ 


9.84.11 rf> 


9.841509 


m I Co-sine 


I9.862946I 


9.969656 

9.969909 


9.970416 


9 - 97 I 935 

9-972188 
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TABLE XXV. 

LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


4 t Degrees. 


M 

Sine. 

Diff. 

Co-sine 

L>. 

Tang. 


Co-tang. 

Secant. 

Co-sec. 

M 

O 

1 

2 

3 

4 

5 

6 

l 

9 

IO 

9.84177* 

9.841902 

9.842033 

9.842163 

9-842294 

9.842424 

9*842555 

9.842683 

9.842815 

9.842946 

9.843076 

218 

218 

218 

217 

217 

217 

217 

217 

217 

217 

217 

216 

216 

216 

216 

216 

216 

216 

216 

215 

215 

2*5 

115 

215 

215 

215 

215 

214 

214 

214 

214 
214 
214 
214 
214 
214 
213 
213 1 

213 1 
213 ! 

213 

213 

213 

213 

212 

212 

212 

212 

212 

212 * 

212 

212 

211 

211 

211 

211 

211 

211 

211 

211 

9 - 8 56934 
9.8568I2 
9.85669C 
9.856568 
9.856446 
9*856323 
9.856201 
9.856378 
9- **55956 
9-**55**33 
9.855711 

203 

203 

204 
204 
204 
204 
204 
204 
204 

204 

205 
205 
205 
205 
205 
205 

205 
*05 

206 
206 
206 
206 
206 
206 
206 
206 

206 

207 
207 
207 
207 
207 
207 
207 
207 

207 

208 
208 
208 
208 
208 
208 
208 

208 

209 
209 
209 1 
209 
209 
2091 
209 

209 

210 

210 

210 

210 

210 

210 

210 

210 

9.^84^37 

9.985090 

9-985343 

9-98559 6 

9.985848 

9.986IOI 

9*986354 

9.986607 

9.986860 

9.987II2 

9-987365 

4-1 

421 

42* 

421 

421 

4 *i 

4:1 

4^1 

4*1 

4*1 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

421 

4*1 

421 

421 

421 

421 

421 

421 

4*1 

421 

4*1 

421 

421 

4:1 

421 

421 

421 

421 

4:1 

421 

421 

421 

421 

421 

421 

421 

421 

421 

4*1 

421 

421 

421 

421 

421 

421 

421 

421 

411 

421 

10.015163 
10.014910 
10.014657 
ic.014404 
10.014152 
10.013899 
10.013646 
10.013393 
10.01314c 
10.01*2888 
10.012635 

10.143066 
10.143188 

10.1433* 0 

10 . 14343 * 

10.143554 

I0.I45&77 

10.143799 

10.143922 

10.144044 

10.144167 
10. 144*89 

10.15822c 
10.15800! 
10.157967 
10.157837 
10.157706 

io-* 5757 < 

*0.157445 

* 0 . 1573*5 

10.1571X5 

10.157054 

10.156924 

60 

ll 

56 

55 

54 

53 

5 * 

5 * 

5 ° 

11 

12 

*3 

14 

:* 

19 

20 

9.84,4206 

9-843336 

9.84.4466 

9-843595 

9-8437=5 

9-843855 

9.843984 

9.844114 

9.844243 

9.84437= 

9.855586 

9-855465 

9-85534= 
9-855=i9 
9.855096 
9-854973 
9-854850 
9.854727 
9.854603 
9.854480 

9.9S7618 

9.98787I 

9.988I23 

9.988376 

9.988629 

9.988882 

9.989134 

9.989387 

9.98964O 

9.989893 

10.012382 

10.012129 

10.011877 

10.011624 

10.011371 

10.011118 

10.010866 

10.010613 

10.010360 

10.010107 

10 144412 
10.144535 
10.144658 
10.144/81 
10.144904 
10.145027 
10.145*5° 

10.143*73 

10.145397 

10.145520 

*0.156794 
ro. 156664 

10.156534 
10.156405 
10.156275 
10.156145 
ro.156016 
10.155886 
10-155757 
10.155628 

49 

48 

46 

45 

44 

43 

4 * 

41 

40 

21 

22 

23 

24 
35 
26 

2 Z 

28 

29 
3° 

9.84450= 

9.844631 

9.844760 

9.844S89 

9.845018 

9-845147 

9.845=76 

9.845405 

9-845533 

9.845662 

9.854356 

9-854=33 

9.854109 

9.853986 

9.85386: 

9-853738 
9.853614 
9-853490 
9 853366 
9-853=4= 

9.990145 

9-990398 

9.990651 

9.990903 

9.991156 

9-991409 

9.991662 

9*99*9*4 

9.992167 

9.992420 

10.009855 

10.009602 

10.009349 

10.009097 

10.008844 

10.0*08591 

10.008338 

10.008086 

10.007833 

10.007580 

10.145644 
10.145767 
10.14589* 

10.146014 
10.146138 
10.146262 
10.146386 
10.146510 
10.146634 
10.146758 

10.155498 

*0.155369 

10.155240 
10.155111 
10.154982 
10.154853 
10.154724 
* 0.154595 
10.154467 
10.*54338 

3 * 

36 

35 

34 

33 

3 * 

3 * 

30 

3 1 

32 

33 

34 

35 

36 

37 
3« 

39 

40 

9.845790 

9.845919 

9.846047 

9.846175 

9.846304 

9.846432 

9.846^60 

9.846688 

9.8.16816 

9.846944 

9.853118 

9-852994 

9.852869 

9 - 85*745 

9.85262C 

9.852496 
9-85=371 

9.852247 

9.852122 

9 - 85 I 997 

9.992672 
9.992925 
9*993*78 
9*993430 
9*993683 
9*993936 

9.99II89 

9*994441 

9.994694 

9*994947 

9*995*99 
9* 99545 2 
9-995705 
9*995957 
9.996210 
9.996463 
9.996715 
9.996968 
9.997221 
9-997473 

lio.007328 
10.007075 
10.006822 
10.006570 
10.006317 
10.006064 
10.005811 
10.005559 
10.005306 
10.005053 

10.146882 
10.147006 
10.147131 
10.147255 

10.147380 
io.I 475°4 
10.147629 
io-147753 
10.147878 
10.148005 

10.154210 
10.154081 
* 0-153953 
10.153825 
10.153696 
10.153568 
*0.153440 
10.153312 
10.153184 
10.153056 

3 

1 1 

26 

*5 

24 

*3 

22 

21 

20 

4 1 

42 

43 

44 

45 

46 

47 
43 
49 
5° 

9.847071 

9.847199 

9-8473^7 
9 047454 
9.8475^2 

9.847709 

9.847836 

9.847904 

9.848091 

9.848218 

9.851872 

9.851747 

9.851622 

9.851497 

9.851372 

9.851246 

9.851121 

9.85O996! 

9.850870 

9-850745 

10.004801 

10.004548 

10.004295 

10.004043 

10.005790 

10.003537 

10.003285 

10.003032 

10.00*2779 

10.002527 

io.148128 
10.148253 

10.148378 

10.14850; 
io.148628 

10.148754 
10.148879 
ro.149004 
10.149*30 
io.149155 

ro.152929 
10.152801 
10.152673 
10.152546 
10.1524*8 
10.152201 
10.152104 
10.151036 
10.151909 
10.151782 

3 

\l 

15 

14 

13 

n 

11 

10 

51 

5 2 

53 

54 

55 

56 

57 

59 

60 

9*848345 

9.848472 

9.848599 

9.848726 

9.848852 

9.848979 

9.849106 

9*84923- 

9-849359 

9.849485 

9.850619 

9.85O493 

9.85O368 

9.850242 

9.85OH6 

9.849990 

9.849864 

9.849738 

9.8496II 

9.84948*; 

9.997726 

9-997979 

9.998231 

9.998484 

9998737 

9.998989 

9*999*42 

9*999495 

9*999747 

10.000000 

10.002274 

10.002021 

IO.OOI769 

IO.OOI516 

IO.OOI263 

IO.COIOII 

IO.OOO758 

IO.OOO505 

10.000253 

10.000000 

10 149381 
10.149507 
10.149632 

10.149758 
10.149884 
10.150010 
10.150136 
10.150262 
101150389 
10.150515 

10.151655 
10.151518 
ro.151401 
10.151374 
10.151148 
10.151021 
10.150894 
10.150768 
10.150641 

J10.150515 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

1- 

Wl. 

Co-sini 


Sine. 


Co-tang. 

* 

Tang. 

S9I 


45 Degrees. 










TABLE XXVI. —NATURAL SINKS. 



034899051336069756 


86 ° 


Natural Co-sines. *OOQIC 


48S 484 484 48^ 4fi? 4tl 48l 



































































































































































475 


473 


47 1 


4' J 9 


467 













TABLE XXVI. —natural sines. 


342010 358368 374607 390/31 106737 42261X 438371 45399 ° 469472 4 « 48 i° 

342293 358640 374876 39099'- 107002 422882 438633 45425c 469728 485064 

342567 358911 375146 491267 407268 423145 43 y 894 4545°9 469985 485318 

342840 359183 375416 39*534 407534 423409 439*55 4547 6 & 470242 485573 

343113 359454 37568; 39*80: 407799 423673 439417 45502 / 47®499 485827 

343387 359725 375955 392070 408065 42393 6 439678 455286 470755 486081 

343660 359997 376224 392337 40833c 424199 439939 455545 37*0*2 486335 

343933 360268 376494 392005 308596 424463 44020c 455804 37126X486590 

344206 360540 376765 3928721408861 424726 440462 456063 471525 386844 
344479 460811 377033 3931421109127 32499° 440723 45632: 47*78: 487098 
3447 5 2 361082 37730: 393407!30939: 325255 440984 45658c 372038 4j*73£2 _ 
345025 361353 377571 39 :/> 75 !30965* 3:5516 441245 456839 472294 487606 
345298 3616251377841 39394 :(409925 32577c, 4415^ 35209* 472551 487860 
34557 * 561896 37811c 594:09 uoiXp 42604. 441767 457357 472807 488114 
345844 362167 3;8379 59 3477 310454 3263:6442028 357615 373063488367 
346117 36:438 378649 394744 410719 426569 442289 35/874 47332C 488621 
34639c 36270*7 37891X 395011 110984 426832 442550 458133 4735/6 488875 
346663 36298c 379*87 395278 H1249427C95 442810458391 473832 489129 
34693'* 363251 379456 395546 4115*4 427358 443071 45865c 474088 489382 
347208 363522 379725 395815 4**779 427621 443332 458908 474344 189636 
34748; 36379 3 379994 39 608: 4£*045 42 7884 44 35 93 45 9*66 4746 oc 4*989° _ 
347754 364064 380263 396347 4*23*c 428147 443*53 459425 474856 490*43 
348027 364355 580532 396614 41257; 42841c 444 H 4 459683 475**2 490397 
348299 364606 380801 396881 412840 4:8671 444375 459942 475368 490650 
348572 364877 38107c 397*48 4 * 3*04 128935 444635 460200 475624 490904 
348845 365148 381339 3974*5 413369 129*98 444896 460458 475880 49**57 
349117 365418 38160S 397682 413634 129461 445156460716 476136 491411 
349390 ‘365689 381877 597949 4*389«) P 9723 4454*7 460974 47639249*664 
349662 165960 382146 598215 4*4*64 P9986 445677 461232 476647 49*9*7 
349935 366231 382415 39848 i 414429 130249 445937 46149* 476903 49 2I 7 C 
450207 36650; 382683 398749 4*4693 150511 44611)8(461749 477150 492421 ^ 

35048. ,66772 38295: 5990*6 41495s 430774 446.<58!46:co7 4774 M *92677 
350752 367042 38322* 399283 4*5223 13*036446718.462265 47767° 19 2 93 c 
351025 3673*3 38349 ° 399540 41548/ 43*299 446979 462523 477925 493*83 
351297 367584 383758 3998*6 4 * 575 -' 13 * 56 i 447239462780478*81 493436 
35*569 367854 384027 icooXi 4 i* 0*6 43*823 447499 463038 478436 493689 
33184: 168125 584095U00349 4 * 6 : 3 1 432086 44775946329647869: 493942 
352114 3683951184564 40061?, 416545 132348 448019463554 478947 194195 
:.5:;8^ 168665 38483: 400882 410810 13:610 44X279I463812 479203 494448 
352658 168936 185101 401149 li 7 ° 7 -c 132873 448539 464069 479458 4947 °° 

352931 36 9:06 38536^ 101415 417338 433*^35 448799 464327 4797*3 49495 3 _ 

153203 169476 3X5638 401681 41760.; 133397 449059464584 1799^8495206 
353475 ^69747 385906 40194841786; 133659 4493*9 464842 180223 495459 
? 5.3747 *70017 386174 402214 418131 433921 449579 46510c 180479495711 
154019 370287 38644 1024804*8396 13418 / 449839 46535 / 180734 195964 
354291 370557 386711 40:747 41866c 1.14445 450098 465615 48098Q 496217 

,54563 170828 186979 405013 4189:4 1347 °/ 45°358 165872 481244 496469 

554835 17109X 187:47 40327c 419188 43496945061846612948149(1 496722 
355107 171368 187516 403545 1*9452 13523 * 450878 166387 481754 496974 

355379 17*638 187784 403811 4197*6 435493 45**37 466644 48200c 497226 

3*5651 17190X 38805: 1040 78 4*cq8c 435755 IM.W 4669-1 482263 497479 _ 

355925 372178 38832c 404344 420244 4360*7 45 * 6 5 *‘ 167158 482518 49773 * 

556194 372448 388588 404610420508 436278 151916 467416 482775 497983 
156466 172718 388X56 4048764207/2 4365 ic 452175 16/673 43.3028 498236 
356738 37:988 389124 405*42 421036 436802 452435 16793 ° 133:8: 498488 

35701° 373258 389392 405408 42130c 437063 452694 468187 183537 498740 

357281 373528 389660405673 421563 437325 45:953 468444 48379: 498992 
357553 373797 389928 405939421827 437587 1532*3 468701 484040499244 
157825 374067 190196 406205 422091 137X48 453472 468958 484301 199496 

358096 374337 390465 406471 422355 13X110 45373 * 469215 484555 199748 

358368 37 4607 39 0731 406737 42:6th 138371 45399c £69472 48481c 500000 _ 

6\9 U 6s° ~67 u ~~ 66° 6> <4 63^ 6 2° 6'i° ImJ 5 " 


Natural Co-sines. 


45 * 

448 

445 

44 * 

1 438 

434 





















































































































































































TABLE XXVI.—niliii 




lit 



44° 


turnl Co-stnes. 


uu, 

EEJKX 


































































































































































158 TABLE XXVI. —natbhal sines. 


M 

50° 

51° 

62° 

53° 

54° 

55* 

56° 

57° 

ot>° 

MM 

M 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

766044 

766231 

/664I8 

766605 

766792 

766979 

7 6 7l65 

767352 

76753* 

767725 

7679II 

777146 

777.119 

777.W1 

777695 

777878 

778060 

77814.1 

7784:6 

778608 

778791 

77897.: 

788011 

788190 

788369 

788548 

788727 

788405 

789084 

789263 

789441 

789620 

789798 

798636 

798811 

798985 

799160 

799335 

7995io 

799685 

799859 

800034 

800208 

800383 

809017 

809188 

*09.159 

809530 
80970c 
809871 
810042 
810212 
810383 
810553 
810723 

81915* 

819319 

819486 

819A5* 

819819 

819985 

820152 

820318 

820485 

820651 

820817 

829038 

829200 

S2936.1 

829:25 

829688 

829850 

S300I2 

830174 

830337 

830499 

83066I 

848671 

838829 

838987 

839146 

839304 

839462 

849620 

*39778 

839936 

840094 

840251 

348048 

848202 

848356 

848510 

848664 

848818 

848972 

849125 

849279 

849433 

849586 

857167 

857377 

857467 

857616 

857766 

857915 

S58065 

858214 

858364 

858515 

858662 

60 

59 

58 

5 I 

56 

55 

54 

53 

5* 

5* 

50 

ii 

ia 

13 

14 

16 

*7 

18 

19 

20 

768O97 

768234 

768470 

768656 

/68842 

769O28 

769214 

7694OO 

769585 

769771 

779"56 

779.1.18 

779510 

779701 

779884 

78OO67 

780249 

780430 

7806l2 

780794 

7^9977 

7 9° 1 5 5 
790333 
79°5ii 
790690 
790868 
791046 

791224 

791401 

791579 

300557 

800731 

S00906 

801080 

801234 

801428 

801602 

801776 

801949 

802123 

810894 

811064 

811234 

811404 
8*757 1 
811744 
811914 
8l2084 
81*253 
812423 

320983 

821149 

821315 

821481 

821647 

821813 

821978 

822144 

822310 

822475 

830823 

830983 

83II46 

831308 

83M70 

83I63I 

83I79.I 

831954 

832115 

832277 

840409 

840567 

840724 

840882 

841039 

841196 

841354 

841511 

341668 

841825 

'*497.19 

L989.: 

85OO46 

850x99 

85 0 35"- 

85O5O5 

850658 

85O8II 

85O964 

851117 

8588x1 

358960 

859109 

859:53 

859406 

359555 

859704 

859852 

860001 

860149 

49 

48 

47 

46 

45 

44 

43 

4* 

41 

40 

21 

22 

•3 

24 

$ 

28 

29 

30 

769957 
770142 
77°3*8 
7705 n 

770699 
7708S4 
771069 
77*254 
77x440 
771625 

780976 

78II57 

781339 

781520 

781702 

78l883 

782065 

782246 

782427 

782608 

79175/ 

791935 
792112 
79229c 
792467 
792644 
792822 
792990 
793176 
791353 

802297 
80247c 
802644 
802817 
802991 
80;104 

*03.137 

303511 

803684 

803857 

812592 

812762 

812931 

8l3IOt 

8I327C 

813439 
813608 
813778 
*13947 
814116 

822641 

822806 

822971 

8*3136 

823302 

823467 

823632 

82379/ 

823961 

824126 

832438 

832599 

83271k* 

83*921 

833082 

833243 

833404 

8.33565 

833725 

833886 

841982 

842139 

842296 

84245* 

842609 

842766 

842922 

843079 

843235 

843391 

851269 

851422 

8j«575 

8577:7 

851879 

852042 

852184 

855.136 

852488 

852640 

860297 

860446 

860394 

86074? 

860890 

8610 

861186 

861334 

861481 

8616:9 

39 

3* 

37 

3<> 

35 

34 

33 

32 

3* 

30 

31 

32 

33 

34 

35 

36 

37 

3» 

39 

40 

771810 

771995 

772179 

7743<M 

772549 

772734 

772918 

773105 

773487 

773471 

7827S9 

78:970 

78.1151 

785332 

73151.1 

783693 

. 

784055 

7841.15 

?844l6 

793530 

793707 

793S84 

794061 

794238 

794415 

794591 

794768 

794944 

795121 

804030 

804203 

804376 

804548 

804721 

804894 

805066 

805*39 

805411 

805584 

814284 

8x4453 

814622 

814791 

814959 

815128 

815296 

815465 

81563V 

815801 

824291 

824456 

824620 

824785 

824949 

825113 

825278 

82544? 

-525606 

825770 

834046 

,834207 

!8.U367 

834527 

844688 

834848 

835008 

835168 

835328 

8.45488 

843548 

843704 

843860 

844016 

1844172 

8443*8 

(844484 

844640 

844795 

844951 

852792 

852944 

85309 6 

853248 

85.1.199 

85355' 

8 .S 370 i 

853854 

854005 

85475A 

861777 
861924 
86207 2 
862219 
86236ft 
86231 j 
86266f 
862808 
862953 
86510? 

29 

28 

27 

26 

*5 

*4 

23 

22 

21 

20 

41 

42 

43 

44 

45 

46 

47 

48 

49 

b‘> 

77365^> 

773^40 

774024 

774209 

774395 

774577 

774761 

774944 

775128 

775312 

•84596 

784776 

784957 

>85137 

785.117 

78.5497 

785677 

783857 

786037 

786217 

795*97 

795473 

795650 

795826 

79600: 

796178 

796354 

796530 

796706 

796882 

805750 

805928 

806100 

806273 

806445 

806617 

806788 

806960 

807132 

807304 

815960 
816133 
816306 
S16474 
816642 
816809 
816977 

817145 

H1.7313 

817480 

825934 
8260981 
826262 
826426 
826590 
826753 
826917 
827081 
827244 

827407 

835648 

835807 

835967 

839127 

836286 

836446: 

836605 

83676V 

836924 

837083 

845106 
845 262 

845417 

845573 

845728 

845883 

846038 

846193 

846348 

846503 

8543O8 

854459 

8546IC 

854761 

854972 

855065 

8.S52I4 

855364 

855515 

855665 

863249 

86339ft 

863542 

86*689 

863836 

863982 

864128 

864275 

864421 

864567 

is 

\i 

*5 

14 

13 

12 

11 

10 

51 

52 

53 

54 

56 

3 

59 

60 

775499 

775679 

775863 

776046 

77623c 

776415 

776596 

776780 

776963 

777146 

786396 

786576 

786756 

(37>>735 

7H7I14 

787294 
78 747.1 
787652 

1787832 

'788011 

797057 

797*33 

797408 

7975&1 

797/59 

797935 

798110 

798285 

798460 

79H63' 

‘>07475 

507647 
807818 
807990 
808161 
808333 
808504 
80867 s 
, 808841. 
80)017 

817648 

817815 

817982 

818150 

818317 

318484 

818651 

818818 

818985 

81915? 

8*7571 

8*7734 

*27897 

>28060 

82822-, 

828386 

8*8549 

228712 

828875 

829038 

837242 

837401 

837560 

8377K) 

837878 

838036 

838195 

8.38354 

838512 

U3897I 

346658 

846313 

8461)67 

847122 

847277 

847431 

8475*5 

847740 

1847894 

848048 

85581C 

855966 

856117 

85626/ 

8564I7 

85656; 

856718 

856868 

857017 

185716/ 

864713 

864860 

865006 

865151 

865:97 

865443 

865589 

865734 

865880 

866025 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

M 

39 0 

1 38° 

V'" 

3(>° 

55° 

34° 

33° 

132 °“ 

1 3 1° 

.10° 

M 

Natural Co-sines. 

r .Jrf, 

DifT. to 
100* 

309 

302 

*95 

288 

282 

»75 

26# 

1 260 

pitized by 

1 *53 

p* 

is 




TABLE XXVi.— NATURAL SINES. 

O'O'" 01° | &F I O.J 1)4 I 05 - | 00 ° 07 ° 0 »° ^ 9 ° T 

86*0:5 8746:0188:948 8 ,100; 078701 901,508 915545 020505 92710.1 935580 
X66171 874761 88 ^0X48911 >; 898922 906431 913064 920618 927 *93 933685 
X66}t6 874902 883221 891274 899049 906554 9*37X2 Q 2 ° 73 2 9-7402 >33789 
866461 875042 88335; 891402 899176926670913900 920846 927510 933 ^ 
8660-07 87^183 88349} 891334 849304 906799 91401b 920959*927619 933997 
866752 875 324 883629 891666 ^99431 906922 914136 921072 927728 934101 
866897 875465 883766 891798 >99558 907044 914254 921185 927836 934204 
X67042 87560s 88190: 891929 899685 907166 91437 2 921299 927945 9343 °X 
867187 875746 884058 892061 809812 907289 91449° 921412 928053 934412 
8673 V 875886 884174 89219: '99939 9074 11 9*4607 921525 928161 934525 
867476 876026 884309 892323 900065 907535 924 725 921638 928270 934619 _ 

’ 867621 876167 384445 892455 900192 907655 914842 921750 928378 934722 
86776s 876307 884381 892586 900319 907777 92496° 921863 928486 934826 
867910876447 884717 89:7*7 900*145 907899 4*5077 92197 6 92859-I 934929 
868054 876587 88485: 892848 920572 908021 915194 922088 9:8702 935°32 


15 808199 87672; 884988 89:979 40C698 90X143 9153**1922201 92881c 935135 

16 36834,876867 885123 89311c 90082s 908:65 915429 922313 92X9*7 95523 ** 

17 868487 877006 885258 89*3:41 90C951 908387 9*5546 9:2426 929025 935341 

18 868632 877146 885394 89337 r 901077 9085 :8 9*56051922538 929*33 >35444 

19 868776 877286 8855:9 ^9350: 901:03 908650 915770 92265c 9:9240 935547 

20 8689:0 8774:5 885664 89365 3 4013:9 9^Xy^ 9*5X96 9^22762 929348 93565° _ 

ai 869064 877565 885799 893763 901455 90H87: 916015 922874 9 2 9455 93575* 
22 869207 877704 885954 893891 901581 9089941^*613° 9:2986 929562 935855 

*3 869351 877844 886069 8940:4 401707 9017115)91624^ 9:3098 9:9669 93595; 

24 869495 877983 886204 X941S4 901833 9°9256|9i6363 9:3:10 9*9776 93606c 

25 869639 87812: 88633* 894:84 901958 909357 9*6479 92332* 9 2 9X84 936162 

26 869782 878261 886475 894415 002084 90947b 9*6595 92.U34 9*999° 956264 

27 869926 878400 886608 894S43 902:00 909599 9*671: 923545 93°°97 >36366 

28 870069 878539 886742 894675 9-2335 9°972c 9*68:8 023657 930204 936468 

29 870212 878678 886876 89480s 90:4601909841 9*6944 923760 9303 11 93657° 

30 870356 878817 887011 894934 -.>02585 909961 W060 92388c 930418 936672 _ 


872212 880615 888751 89 
872354 880755 S88884 89 
872496 880891 889017,89 


873347 881716 88981s 897043 90s 19S 912477 9*9479 926:0c 932639 >38794 
87*3480 88 i8s 3 8M90O. X97771 90532: 91259^9*9595 9263*0 952744 038894 
873631 881990} >90 ;8 J'lo/woc 1,05445 91:715 919707 926419 932849 438994 
873772 882127 890213 80802b 925569912X34 9*9821 9265:91932954 ‘>29094 
8/3914 8X2264!89034s 1 898156 90569: 9*2953 0*9956 92665b 933 ° 5 s 439*94 
87405s 882401)890478 *98:83 905815 913072 9200509:6747 935*65 939294 
874196 882558 890610 898411 905959 9*3190 920164 9:6857 933267 939394 
874338 882674 890742 898539 90606^913309 920277 9:6966 933372 939493 


1930843 

437079 

93095° 

437 >«i 

931056 

937 : 8 : 

94116: 

93738.? 

1941:6b 

937485 

> 3*374 

937589 

9 >i 4 bc 

43 7 >’8 7 

931586 

9377 XX 

931601 

>37X89 

> 8*797 

937990 

03 *S/O 2 

938091 

93:008 

95X191 

982*13 

1 )_%8 29 2 

942:19 

938398 

>82324 

958493 

932429 

•>38393 

932534 

>38694 

932639 

738794 

>52744 

938X94 


93X994 

jV 3=954 

'>59094 

933 0 58 

939*94 

938*65 

93929-I 

933267 

939394 

933372 

939493 

933476 

989593 

93358C! 

>39695 

21 ° 

20 u 


Natural Co-sines. 


131 

| 2:4 

216 

209 

Digitize 

201 

*93 

185 











160 


TABLE XXVI. —natural sines. 




























































































































































TABLE XXVI.— NATURAL SINES. 


_ k _1__1 I I 1 


9jj48o8 98 990268.991546<9945*2 996195 997564 998630 999391 
984858 087734 9903 G 9 992582 994.552 99622c 997584 998645 999401 
984909 987779 990349 992617 994583 996245 997604 998660 999411 
984959 987824 990389 992652 99461.V996270 997625 998675 999421 
985009 987870 (>90*29 992687 994643 99 6 295 997645 998690 999431 
985059 9879*5 990469 99 2 722 994673199632c 997664 998705 <999441 
985 io 9 98796c 990509 992757 994703 996345 997684 998719 999450 
985*59 988005 990549 992792 99473 . 996370997704 998734 999460 
985209 988050 990589 992827 9947621(>96395 997724 998749 999469 
985259 988094 ,90629 99:862 994792 996419 997743 998763 999479 
_ 985309 988139 990669 992896 99482: 996444 997763 998778 999488 

985358 988184 990708 99293 1 994851 996408 997782 998792 999497 
985408 988228990748 992966 994881 996493 997801 998806999507 
985457 988273 990787 993 000 9949ic 996517 997821 998820999516 
985507 9883*7 990827 993°34 994939996541 997840098834999525 
985556 988362 990866 993068 994969 996566 997859 998848 999534 
985605 988406 990905 993103 994998 996589 997878 998862 999542 
985654 98845° 99^944 993137 995 0 27 996614 997897 998876999551 
9857 0 3 988494 990983 993 * 7 1 995 0 56 996637 997916 998890999560 
985752 988538 991022 993205 995084 996661 997934 998904 999568 
_ 985801 988582 99 1061 993238 Q95113 996683 997953 998917 999577 

* 5 * 85 ° 988626 991100 993272 995142 996709 997972 998931 999585 ' 
985899 98K669 99113b 993306 995170 996732 99799° 998944 999594 
985947 988715 991177 993339 995*99 99 6 756 998008 998957 999602 
985996 988756 991216 993373 995227 996779 998027 99897*’999610 
98^045 988800 991254 993406 995256 996802 ‘>98045 998984 999618 
986093 988843 991292 993439 995284 996825 998063 998997 999626 
W 9°#886 991331 993473 995312 996848 998081 999010 999634 
9*°*°9 98893° 991369 993506 995340 996872 998099 999023 999642 
988973 991407 993539 995368 996894 998117 999°35 999650 
_ 986286 989016 991445 993572 993396 996917 998135 999048 999657 

986334 989059 991483 993605 925424 996940 998153 999061 999665 
986381 989102 991521 993638 995452 996963 998170 999073 999672 
986429 989145 99*558 993670 995479 996985 998188 999086 999680 
>86477 989187 991596 993703 995507 997008 998205 999098 999687 
986525 989230 991634 993735 995535 997030 998223 999111 999694 
986572 989272 991671 993768 995562 997°53 998240 999123 999701 
9 « 9315 *9 X 7°? 9938oo 995589 997075 998257 999*35 9997°9 
986667 9J9357 991746 993833 995617 997°97 998274 999147 999716 
•>86714 9J9399 991783 993865 995644 997119 998291 999159 999712 
98 6762 989442 991820 993897 QQS671 QQ714 I oq8 " 


986809 989484 991857 993929 995698 997163 
986856 989526 991894 99396* 995725 997185 
986903 989568 991931 993993 995752 997207 
986950 909610 991968 994025 995778 997229 
986996 989651 992005 994056 995805 997250 
087043 989693 992042 994088 995832 997272 998408 99924 
9 & 7 ° 9 ° 989735 992078 994120995858 997293 99842s 999252 
987136 989776 992115 994151 995884 9973M 998441 099263 
9 o 71 * 3 2 « 9 « 9 9 * 1 * 1 994182 995911 997336 998457 9992741VW/ 0 

987229 9 * 9°59 992187 Q 942 I 4 QOS 027 QQ 72 S 7 008 d 77 00028* 000703 




60 
59 

999*58 58 

999863 57 

999867 56 

999872 55 


999898! 43 
999903 48 

999907 47 

999910 46 

9999*4 45 

999918 
999922 
999923 
999929 
999932 





























































































1C2 TABLE XXVII. 

To find the latitude by double altitues, and the elapsed time. 


1 Hour. 



o 1.36032 35315 34609 33915 33231 32558 

1 31896 31243 306c: 29967 29342 28727 

2 2812c 27522 26931 26549 25774 25207 

3 24647 24095 23549 23010 22478 21952 

4 21432 20919 20412 19910 19415 18925 

5 18440 17961 17487 17018 10554 16096 

6 15642 T5192 14748 1430; 13872 13443 

7 13013 12590 12171 11757 11346 10939 

8 10536 10136 0974c 09348 2896c 08574 

9 °8i93 0 78i4 07439 07067 06699 06533 

o 1.0597005611 05254 04901 0455c 04202 
j 03857 03515 03175 02838 02504 02172 

2 01843 01516 01192 00870 0055c 00233 

3 0.99918 99606 99296 98988 98682 98378 

4 98077 97777 97480 97184 96891 96600 

5 9631096023 95738 95454 95172 94892 

6 94614 94338 94063 93790 93-510 93250 

7 92982 9271692452 92189 91928 91669 

8 91411 91154 90899 90646 90394 90143 

? 89894 89647 89401 89156 88915 88671 


0.8843c 88191 87953 87717 87481 87:47 
87015 86785 S6553 86324 86096 85870 
85644 85420 85197 84976 84755 <*4535 
84317 84100 83884 83669 83455 83242 
83030 82819 82609 82401 82193 81986 
8178c 81576 81372 81169 80967 80767 
80567 80368 80170 79973 79777 79581 
79387 79193 79001 78801; 78618 78418 
78239 78051 77863 77677 77491 77306 
77122 76938 76756 76574 76393 76212 


20 0.46595 46508 46422 46335 46349 46163* 

21 46078 45992 459°7 45822 45737 45 6 5 2 1 

22 45567 45483 45399 453*5 45231 45M7i 

23 45064 44981 44898 44815 44732 14640 

24 ,44567 44485 44403 44321 44239 44158'- 

25 44077 43995 43915 43834 43753 43<>75 

26 45592 45512 43432 43355 43275 45194 

27 43IM 43035 4:9564287842799 4:7:11 

28 4:642 42564 42486 42409 42331 42254 

29 42176 42099 42022 41945 41869 4179:; I 


30 0.41716 




0.37405 57338 37270 37205 37135 5 
37001 36934 56867 56801 36734 5 
3660: 56555 56469 36403 36558 ; 
36206 56141 36076 56011 35946 5 
35816 55751 35687 35622 55558 5 
35429 35365 45302 35238 35174 3 
3504: 34984 54921 34858 34795 ? 
34669 34607 34544 34482 34420 3 
34295 54233 34172 5411034048 5 
559 : 5 33864 33805 53742 33681 : 

0.33559 33499 33458 53578 33318 ; 
33197 53137 330/8 33018 32958 3 
32839 3278c 5272c 32661 32602 3 
32485 32426 32367 32301; 32250 3 
32134 32076 32018 31960 31902 5 
•31787 31729 31672 31614 31557 3 
. 31445 3138631329 .U272 31216 * 
311O3 31046 30990 30934 30878 4 
30766 50710 30655 50599 30544 5 
30433 30378 30325 30268130213 ;■ 


























































































































illil liVJiTilil j 


M 1 o* 


HALF ELAPSED T1V9L 


2 Hours. 


30* 1 40* 


M I O* 


:683c 26781 26731 
26535 26487 26438 
26244 26195 26147 
45955 2 59°7 25859 
25668 25621 25573 
45385 2 5338 25291 
25104 25057 25011) 
24825 24779 M733 
2455° 44504 24458 
24276 24231 24186 


24141 

24096 24051 24006 23961 23916 

2.187' 

23827 23782 23738 23693 23649 

43605 

43560 23516 23472 234:8 23384 

43340 

23296 23253 23209 23165 23122 

130711 

43035 22991 22948 24905 22862 

22819 

22775 42732 22690 22647 22604 

22561 

22519 224*7622433 22391 22349 

22306 

22264 42222 22180 22138 2:096 

22054 

22012 2I970 21928 21887 21845 

21803 

21762 21720 21679 21638 21596 


16588 16554 


15^7 15595 


15042*15^x01x5178115146115115 


19081 

19043 

I9OO6 

18857 

I882C 

I8783 

18635 

18598 

18561 

18415 

18378 

18342 

18X97 

(8l6l 

18125 

17981 

17945 

I79C9 

17767 

I773I 

I7606 

17554 

I75I9 

I7484 

17344 

17309 

17274 

17135 

17101 

17066 

16928 168941168601 


11495 11469 


10029 10005 


113 09090 


08842 08819 
08708 08686 


08575 08553 














































































































































































































'6 4 TABLE XXVII. 

To find the latitude by double altitudes, and the klapseb time 


_ HALF ELAPSED 


__ 4 H ours. 

o* io* aos 30* 40* 50* 

0.06247 06229 o6jui 06192 06174 06156 
06138 06120 06ro2 06084 06066 06048 
0603006012 05995 05977 05959 15941 
05924 05906 05888 05871 05853 35836 
05818 05801 05783 0576605748 05731 
° 57 I 4 05696 05679 05662 05645 05627 
0561005593 05576 05559 15542 05525 
° 55 °^ 35491 15474 ^5457 05440 054:3 
^05407 05390 05373 353560534035323 
05306 35290 05273 05257 05240 05224 


10 0.05207 05191 05174 05158 05142 05125 

11 05109 3509; 05077 05060 05044 05028 

12 05012 04996 0498c 04964 04948 049 42 

13 01916 0400c 04884 04868 04852 04837 

14 04821 04805 04789 04774 04758 04743 
X 5 04717 04711 04696 04680104665 04649 

16 04654 04619 04605 04588 04573 04557 

17 04542 04527 04512 04496 04481 04466 

18 04451 04436 04421 0440604391 04^76 

19 04361 043460433" 34317 04302 04287 

20 0.04272 04258 04243 04228 04214 04199 

21 04185 04170 04156 04141 041271-04112 

22 O4098 04083 04069 O405 5 04040 04026 

23 04012 03998 03981 O I969 OI95 < 03941 

24 O3927 03913 03899 03885 3387*1 01857 

15 °.tf43 03829 03815 03802 03788 03774 

26 037 60 03747 05 7 3 3 03 719 03 706 0369 2 
17 03678 03665 03651 03638 03624 0461 1 

1 % 03597 i 35$4 1357113557 0354-1 1^31 

*9 0 35*7 03504 13491 03478 03465 05452 

30 0.03438 03425 03412 03399 03 186 03371 

31 0336003348 03335 13322 03309 03296 

32 03283 03271 03258 03245 03231 01220 

33 03207 03195 03182 03170 031*57 04145 

34 03132 0312c 03107 03095 03085 03070 

35 0 3 0 58 13046 i3 0 3413021 03009 02997 

36 02985 02973 02961 02949 02937 12925 

37 029*3 1290* 12889 02877 02865 02853 

38 02841 02829 12818 0280602794 02783 

39 0177 * i '-759 02748 02736 02724 02713 

40 0.02701 0269c 02678 02667 02656 02644 

41 02633 02622 0261c 02599 02588 02577 

42 01565 025 54 1:543 02532 02521 02510 

43 0: 499 02488 >2477 1246602455 02444 

44 0243302422 02411 0240c 0239c 02379 

45 0236802357 >2347 0233602326 02315 

46 02304 02294 12285 12273 02262 02252 

47 0224102231 12221 02210 022CC 02190 

48 021790216912159021490213902128 

49 0211802108 12098020880207802068 

50 0.0205802048 12038 02028 02018 02009 

51 01999 01989 11979 01969 0196c 01950 

52 0194001921 11921019120190201892 

53 01883 1*875 1x864 01854 01845 11836 

54 0182601817 11808 01798 01789 01780 

55 OI77X11761 11752 01743 01734 oi 7 2si 

56 0171601707 11698 116890168c 01671 

57 01662 01653 ^644 01635 01627 01618 

58 01609 °x6oc 01591 01583 01574 01565 

-39 °* 3 S 7 01548 01540 01531)01521 01514 


5 Hours. 
























































































































































































































!(jfj TABLE XXVIII. 

To find the latitude by double altitudes, and the elapsed time. 


MIDDLE TIME. 


2 Hours. 


M O* IC» 20* 3c* I 40 s 5 °* 

o 5 .oococ 00055 00109 00164 L0218 00272 

1 003:7 00381 00435 00489 00542 00596 

2 00650 00705 00757 00810 00864 00917 

3 00970 01023 01076 01129 01182 01234 

4 01287 JI339 °*39 2 0*444 0*49 6 °*549 

5 01601 01653 01705 01757 01808 01860 

6 01912 31963 02014 02066 02117 02168 

7 02219 02270 02321 02372 024^3 ° 2 473 

8 02524 02574 02625 02675 02725 02776 

9 028:6 02876 02926 02976 03025 03075 

10 5.03125 0317403224 03273 0332203372 

11 03421 03470 03519J0350H 0361603665 

12 03714 03762 03811 33859 03908 03956 

13 04004 04052 04100 34148 04196 04244 

14 0429: 0434c 34387 04455 04482 0453° 

15 04577 3462404671 34718 04765 04812 

16 04859 54906 04953 04999 05046 05092 

17 05139 05*85 05231 35278 0532405370 

18 054*16 0546: 05508 05553 05599 05645 

19 0569,05736 05781 05827 058^2 05917 

20 5.05962 06007 06052 06097 06142 06187 
ai 06233 0627606321 06365 0641006454 

12 0649S 06543 06587 36631 06675 06719 

13 06765 06807 0685c 06894 06938 06981 

24 07023 07068 071 is 07155 07198 07241 

25 072840732807371 074130745607499 

a6 0754: 3758407627 076700771207754 

27 07797 07839 07881 37923 07965 08007 

28 08049 0*091 08133 08175 0821608258 

29 08300 08341 08383 084-4 08465*08507 

30 5.08548 085890863008671 08712 38753 

31 08794 08834 08875 08916 08956 08997 

32 093^7 090*78 09118 09158 09198109239 

33 09279 39319 09359 39399 09138 09478 

34 09518 39558 09597 09637 09676 09716 

*35 09755 09794 09834 09873 3991: 09951 

’36 0999c 10029 1006S 10107 10146 10184 

37 10225 1026: 1030 10339 10377 10416 

38 10454 10492 10531 10569 10607 10645 

39 1068; 107 21 10759 1079; 10831 10872 


. 1091c 10947 10985 
1 11 35 1117 - ** 2C 9 

*1357 **394 * M3 1 
1*578 11615 11652 
11797 11834 11870 
12014 12050 12086 
I2229 12265 12301 
12443 * 2 47& 12513 
12654 12689 12724 
12864 *2898 12933 


11022 1106c 11097 
11246 11283 11320 
11468 11505 11542 
11688 11725 11761 
11906 11942 11978 
12122 12158 12194 
12336 1257: 12407 
12549 12584 12619 
12759 11794 12829 
12968 1300: 13057 


. 13071 13106 13140 13*75 : 
13277 * 33 11 *3345 *3580 
13481 13515 13546 13585 1 
13684 137*7 * 375 * *3784 1 
13884 13917 1395* *398-1 1 
14083 14116 14146 1418: 1 
14280 143*3 * 434 ? 14378 1 
14476 I 45°8 *4540 *4573 1 
1466*7 14701 14733 *4765 1 
14861 14893 14925 14957 1 


3 lluurs. | 

0» IO* 20* 30 * 40* 50* j 

5.1505115083 15ns 13*46 15*77 *52cv; 
1524c 15271 15305153.34 *5.465 15.W 
154271545H 15489115520 1555* *558:[ 
1561315643 1567415705 15 735 f*5 76^1 
15796158:7 15857I1588H 159181*594^1 
15979 16009 16039! 16099 161:9 

•16159 16189 162191162416279 *650^ 
16338 16568 16398116427 1645; 16486 
1651616545 16575116604 1663; 16(162. 
16692 167:1 16750* 16779 i68ch 16857! 

5.1686616895 16924116953 16982 17010 
17039 17068 17096 17125 17155 *7*8:; 
1721c 17239 17267 17295 17324 *735 2 
1738c 17408 17437 *7465 17465 17521 
*7549 *7577 *7604 1763 2 *7660 176*8 
17716 17745 1777: 17798 17826 17854! 
17881 17908 17936 17963 1799-0 1 $ci8j 
18045 18072 18099:18126 18154 18x81 
1820b 18235 18261.18:88 18315 1854: 
18369 18395 *8422 18449 18475j 1850: 

5.18528 18555 18581 18608 186341*8660! 
18087 18715 *8739 18765 1S791 18S18! 
18844 18870 18896 18922 18947 18973! 
1899919025 19051 19076 19102 191:*' 

* 9*53 19*79 * 9 2 °4 * 9 2 3 c * 9-55 * 9 2Sl 
19306 19331 19357 193H2 19407 r 943 - 
*9457 19483 19508 19535 19558 *95851 
19607 19632 19657 196S2 19707 *975 2 j 
19756 19781 19805 19830 19855 19879) 
19904 19928 19952 *9977 200c 1 20025] 

5.2005c 20074 20098 2012: 20146 2017c! 
20194 20218 20:42 20266 2029c 20514! 
20538 20362 20385 20409 20453 204561 
2048c 20504 20527 20551 20574 20597 
20621 20644 20668 20691 20714 20757 
20760 20784 20807 2083c 2o855i2o87( 
20899 20922 20915 20967 20990}:ic 15 
2105621059 21081 2I1C4 21126 21149 
21172 2II9J 21217 21239 21261 21284 
2130621328 21351 21375 21395 2 *4*/ 

5.21439 21462 21484 21506.* 21528 :155c 
21572 21595 21615 21637 21659 21681 
21702 21724 21746 21767 21781; 2181c 
21832121853 21875 2189c 21918 21950 
21960 21982 22003 22024 -2045 2206; 
22088 22109 22130 22151 22172 22195 
22:14 22255 22255 22276 22297 22318 
22338 22359 2238022400 22421 2244: 
22462 22483 22503 22524 22544 22564 
22585 22605 22625 22645 22666 22686 

5.22706 22726 22746 22766 22786 22806 
22826 22846 22866 22886 22906 22925 
22945 22965 22984 23004 23024 23045 
2306^ 23082 23102 23121 2314* 2316c 
2518c 2319c; 23218 23237 23257 23276 
23295 23314 23333 2535:23572 23591 
25410 23429 23447 23466 23485 23504 
* 35*3 * 354 - 2356c 23579 2 359 * 23616 
23635 25654 25672 2569* 2 37°9 23728 
23746 23765 23783 :;8oi 2382c 23838 



T^BLli XXVIII. 16? 

To find the latitude by double altit u DEs,and the elapsed time. 


MIDDLE TIME. 


4 Hours 




















































































































































































168 TABLE XXIX. 

To find the latitude bv double altitude, and the elapsed time. 


0 Hour. j 

w O* IO* 20* 30* 40* 50** 

o 42:30 02436 37654 62642 82024 

1 9.97H60 112*50 22848 33079 42:5c SO509 

2 0.58066 65019 71455 7744X 830*54 88319 

3 93284 9798002435 26673 10714 14575 

4 I. 18271 21817 25224 28502 31660 34708 

5 37653 40501 43258 45931 *48524 5 to 4 i 

6 53488 5 5868 58184 60440 62630 64784 

7 6687; 68920 70917 72869 74778 76646 

8 78474 80265 8201*, 85739 85426 87080 

9 88705 90297 91X6: 93399 94909 AW 


10 1.978549928900701 

11 2.06131 07427 0872; 

12 13687 14885 16066 

13 2063^ 21744 22X36 

14 270752810029116 

r 5 3 3 A 3402.s 549 7 s 

16 3866; 3956; 40457 

r 7 43930 4477; 4561'. 

18 48895 4909,50486 

*9 53586 54344 55°96 


02091 03458 : 
09991 11240 ] 
17232 18382 1 
23915 24980 
30120 31112 
35910 36839 . 
41339 42211 . 
46447 4727c 
5 1271 5205c ; 
55841 5658C ; 



3-53245 <3482 5372i!5595 r / 54I97'S4434 : 
546705490^ 55140,55375155608 55841 
50074 56306 56537156707156997 57226; 
57455 57683 57910I58137 58363 585891 
58814 59038 59262 59480 59708 59930 
60152 A3 7 3 <*0593 60813 6 to .32 61251 
61460 61686 61903 62120 62336 62551 
62766 6298063194 63407 6362c 63832 
64045 64254 64465 64675 64885 65094 
6530: 65510 65717 65924 66131 66337 


20 2.58039 58759 59474 60182 608X5 61582 

21 62274 6296063641 64316 649X7 6565: 

22 66312 66967 67617 68262 68905 69538 

2 3 70170 70796 71418 72036 72649 73258 

24 73863 74464 7506c 75652 76241 70825 

*5 77405 779S2 78555 79124 79689 80251 

26 80809 81363 81914 H2461 85005 83546 

27 840X5 84617 85148 85675 86199 86720 

28 87238 87753 #8265 88773 89279 89782 

*9 902*82 90779 91273 91765 92254 92739 

30 Ja.93223 93705 04181 94656 95129 95599 

31 96067 9653: 96994 97454 97912 98367 

32 9882099270 997190016400608 01049 

33 3.01488 01925 0:36002792 0322: 03651 

34 04077 04501 04922 05342 0576c 06176 

35 0659007001 07411 0781908225 08629 

36 0903209432 39831 10227 10622 11015 

37 11406 11796 12184 1*2570 12954 13337 

38 13718 14097 14475 M850 15225 15597 

39 15969 16338 16706 17072 17437 17800 


3.66542 66747166952-67156 67359167562' 
67765 67967 68168 68369 68570 68770! 
68969 69169 69367 69566 69763 69961 1 I 
70158 70354 7055 ° 7^745 7°94o 71135 ' 1 
71329 71523 71716 71909 72J01 72295! 
72485 7267672867 73057 73247 73436 
73625 73813 74001 74189 74376 74565 ! ' 
747507493675121 753°7 75491 75976 
75860 76043 76227 76400 76592 76774 
76955 77137 773ik 77498 77678 >7«5k 

3.78037I78216 78395 78575 787*0)789*# 
79105 79282 7945 # 79634 79809 79985 
80159 80334 80508 80682 80855 #I°2X 
81201 813*73 #1545 81717 81888 82059 
82230 X2400 82570 82739(82908 83077 
83246 83414 83582 83749 83917 84085 
84252 S4416 84582 84748 84913 85078 

„ 85242 85406 85570 85734 8589*7 X6c6o 
86223 86385 86547 86709 86870 87031 
#719 - 8735 - #7513 #7672 878.32 87991 

3.88150 88309 88467 886:5 88783*88942 
89097 89254 89411 895671H9723 89879] 
90034 9018990344 9049X 90653 -708071 
9096091114 91-67 91420 91572 91724' 
91876 9202892179 92331 91482 9263-j 
92782 92933 930#“ 93 2 3 2 953 # 1 9353 °] 
93670 93#27 03975 04123 94271 94418 
94566 94712 94859 95005 95152 95297 
95445 95588 95733 95878 99023 78167 
96311 96455 96599 96742 99885 97028 


3.97170 97313 97455 97597 97738 9788c 
98021 98162 98302 (78443 98583 98723 
^8862 9900: 99141 9928c 79419 09557 
99696 99X34 99972 00109 00247 00384 

4.0052r 00657 3079 } OC93O 01066 31*202 
OI337 OI475 01608 01743 OI877 02012 
02146 02280 O24I4 O2547 02681 02814 
O2947 0308003212 O3344 O3477 03608 
O374O O387I O4OO4 O4I54 04265 O4395 
O4526 04656 04786 04916 O5045 O5175 

































































TABLE XXIX. \ 99 , 

fo find the latitude by double altitudes, and the elapsed'time. 


ajsivo. 






























































































































































170 TABLE XXIX. 

To find the latitude by dou ble altitudes, and the elapsed timi 


5 Hours. 


4.79051 79008 79*45 
79334 793 «i 79428 
79615 7966a 79709 
798967994a 79989 
80175 ooaai 80267 
80452 80498 80545 
8072980775 80820 
81004 8104981095 
81277 8132381368 
8155081595 81641 


40 4.81821 


79192 79240 79287 
79475 795^2 79568 
79756 79802 79849 
80035 80082 80128 
80314 80360 80406 
80591 80637 80683 
80866 80912 8095& 
81141 81186 8123a 
8141481459 81505 
81686 81731 81776 


4.93926 93962 9; 

94141 94177 94 *‘. 
94356 9439* 94427 

94570 94602 94641 
94782 94818 94853 
94994 950*9 95065 
95*05 95*4095*75 
954159545095485 

95624 95659 95694 
9583* 95867 95902 















































































































































































































































































































TABLE XXX. . 

- CORRECTION OF THE MOON’S APPARENT ALTITUDE. 


I Prop, fi&rt for Seconds of Par. 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Horizontal Parallax, 












































































































































































TABLE XXX. 

CORRECTION OF TSE APPARENT ALT ITU DE. 
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TABLE XXX. 

CORRECTION OF THE MOON’S APPARENT ALTITUDE. 



Prop, part to f i' 3' 6 f v 

min. of altit. | i ¥ i # 2" 2 * V A " 4* 5* 
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XXXI. 

DIFFERENCE. 
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TABLET XXXT. r 

LOGARITHMIC DIFFERENCE. 


























































































































































TABLE XXXI. 

LOGARITHMIC DIFFERENCE. 





301*512961! 97 


P. part ( to/ i" 2" y 4 // 3* 6» 7* 8* q" 
sec. of 4 6 8 10 1? 14 16 r8 


P f part to f r* 2* y 4" 5" 6," 7" 8* 9* 
gee. ofpar.\2 4 6 8 id 12Y£ 16 18 j & 
Star’s Alt. 5 0 6° T° 8° 9 0 io° 15* ao° 25° 30^ 
C^h*. Sub. 




























































































































































































































































































































TABLE XXXI. 

LOGARITHMIC DIFFERENCE. 


Moon’s Apparent Alt. 


S 4 °t 85 °I 86 


53' o" 9-993544 353* 35*9 35*0 18 
10 3523 3510 34983489 18 

30 35013488 3477 3467 18 

30 3480 3467 3456 3446 18 

40 3459 3446 3434 3435 18 

50 3438 3434 3413 3403 18 


M Uor. S ! Moon ’ 8 A PP- Alt * 


9-993503 349 « 3495 
348: 3477 3474 
346o 3455 345a 
3439 3434 343 * 
3417 3413 3409 
339 ^ 339 1 3388 



9.993118 

3113 

3110 

3097 

3092 

3088 

3075 

3070 

3067 

3054 

3049! 

3046 

30331 

3027! 

3024 

3012I 

3006 

3003 



9.9921707 2892 2880 2870 19 
2885287128582849 19 
2864 2850 2837 2827 19 
2843 2828 2816 2806 19 
282*2 2807 2794 2784 19 
2800 2786 2773 2763 19 





9 - 99*734 2728 2725 
2712 2706 2703 
2691 2685 2682 
2669 2664 2660 
2648 2642 2639 
2627 2621 2618 


239: 2386 238a 
237c 2362 2361 


48 14 

49 14 


54 15 

55 16 

56 16 

58 16 




























































































































































































































































































































































































































TABLE XXXIV. 

PROPORTIONAL LOGARITHMS. 
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PROPORTIONAL LOGARITHMS 
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TABLE XXXIV. 

PROPORTION AL LOGARITHMS. 
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TABLE XXXIV. 

PROPORTIONAL LOGARITHMS. 
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TABLE XXXIV. 

PROPORTIONAL LOGARITHMS. 

|h. in-lit. in. h. m.ih. niVjh. in.lli. m.fh. m.I 


2° 5 I' 


2 0 53 ' 
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C 222 
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TABLE XXXV. 
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* • TABLE XXXVII. 215 

To reduce the equation <jf Tiy k to any given Time from Noon at 

Greenwich. 


WtieivEq. cf tlfhe 
_is increasing 


{ Add after hooi 
Sub. before noot 



' tahw xxxviu. ■ 

To reduce tlie sun’s longitude ;p Noon under s\ given Meridian. 


















































































































































































































































































































South Coast of England . i. of high I. South Coast of England, 


TABLE XL. **• 

LATITUDES and LONGITUDES 

Of the principal Ports, Harbours, Capes, Shoals, Rocks, &c. in the Woru>, 
founded on several thousand observations made by tise most eminent 
Astronomers and Navigators, compared with the latest miid most 
accurate Charts and Surveys; to which is occasionally added the 
Variation of the Compass. 

The Longitudes are reckoned from the Meridian tf Greenuich . 


1. Coast of GREAT BRtTAlN, and 
adjacent Islands. 


3 ° 49 N 
28 40 
27 o 


LONDON,S.Paul’s 51 
Greenwich, obs.. 51 
Sheerness Fort ... 51 
1 Par. 24 0 30'#*'. 

N. Foreland, Light 51 

Deal Castle.51 

S. Foreland.51 

Dover.. . ...... 51 

Dungencss.50 

Hastings.50 

Beachy Head.50 

Brighton.50 

Shoreliain.50 

Arundel.50 

SeWea Bill.50 

Owers, Light.50 

Portsmouth Cb. 30 


Cowes.50 45 37 

Bembridge Point.. 50 40 59 

Dunnose. 5 ° 37 7 

St. Catherine’s Pt. 50 35 33 
Needles Lights ... 5 ® 39 53 


Hurst Light-house 

Poole. 

St. Aldan’s Head.. 

WlYMOVTH. 

Portland Lights... 
Exmouth Bar .... 
Torbay, Berry hd. 

Dartmouth. 

Start Poiut. 

Praule Point. 

Bolt Head. 

Eddy stone Light.. 
Hand Deeps ..... 

Ram Head. 

Plymouth Dock. 
Drake’s Island.... 

Fowey . 

Dcudman’s Poiut.. 

Falmouth. 

Manacles Rocks.. 

Black Head. 

Lizard Poiut.... 

Mount’s Bay. 

Penzance . 

Runnelstonc, Bear. 
Wolf Rock. 


50 41 33 
50 42 50 
50 3* 3 ° 
50 36 Of 
50 31 22 
30 38 40 
30 24 x 
50 21 40 
50 13 26 
50 13 *5 

5° n 15 

30 10 J4 
50 it o 
50 18 52 
50 22 IQ 
30 2X 28 
50 20 7 
30 It 20 
50 8 O 
50 3 o 
50 X 12 
+9 57 J6 
30 10 o 
so 12 O 
’50 4 7 

50 o o 


0 15 12 

o 6 28 W 


o 35 o 
o 47 54 
0 39 59 
1 5 57 



4 xr'd 
4 37 31 

4 47 4 

5 3 0 
5 1 o 
5 3 59 


Latitude. 


Land’s End.JO I 3 } N 5 <*8 30 W 

Far. 16° 3c/ tF. 



Scilly Islands, 

— St. Agnes Light 49 53 37 

— St. Mary’. 49 54 33 

The Seven Stones. 50 6 O 
Cape Cornwall ... 50 12 30 

St. Ires Bay.50 18 o 

Towan Head.50 31 o 

Cow and Calf .... 50 39 o 

Padstow.50 40 o 

Tintagel Head.... 30 48 o 
Hartland Point ... 5T 4 30 

Mort Point . 5XI0 o 

Lundv Isle.51 1 7 0 

Flatholm Light ... 51 28 O 

Bristol.51 28 0 

Nash Point.51 32 o 

MumblesPt. andLt. 51 38 o 
Worms Head..... 51 36 o 

• Caldy Island ...... 51 43 O 

c St. Gowan’s Point 51 40 o 
St. Ann’s Lights .. 51 4 S O 

£ Smalls Light.51 .’8 0 

St. David's Head.. 51 55 © 
g* Si rumble Head ... 52 I O 

3 Dinas Point.52 3 o 

J Cardigan Harbor.. 32 6 O 
^ Aberistwith...... 52 22 o 

j? Barmouth.52 43 o 

** Bardsey Island ... 52 44 o 

Brachy Pool Head 52 46 o 
Holyhead I. W. end 53 *8 0 
Skerries Light.... 53 24 o 
fV. 25 Point* PF. 

Point Linas, Light. 53 *4 O 
Great Ormes Head 53 *9 0 
Point of Ak, Light 53 20 O 

Liverpool .53 aa 0 

Formby Poiut .... 53 3 1 0 

Lancaster. 54 a °* 

Sclker Rock.54 *6 O 

St. Bees Hd. Light 54 31 0 

Whitehaven. 54 33 0 

Carlisle. 54 54 © 

4 Air Point . 54 *5 © 

£ Douglass ... 54 9 0 

C Castletown V. 54 3 0 

4 cm. 54 * © 

Abby H*»d. 54 4 ® 0 

D £wrrpf 54 40 o 


6 19 23 
6 16 59 
6 xo o 
5 48 45 
5 26 o 
5 1 o 

5 I 0 

4 48 o 
4 4 * © 
4 3 * o 
4 10 o 
4 38 o 


3 3 © 

O 

3 5 ° 

O 

4 17 

0 

4 41 0 

5 r 0 

5 IS 

0 

5 40 

0 

5 *4 

0 

5 14 

0 

5 a 

0 

4 48 0 

3 55 

0 

3 54 

0 

4 39 

0 

4 37 

0 

4 34 

0 

4 39 

0 

4 1* 

0 

3 44 

0 

3 M 

0 

2 52 

0 

2 58 0 

2 42 

0 

3 19 

0 

3 30 
3 34 

2 46 

0 

0 

0 

4 15 

0 

4 ax 

0 

4 33 

0 

4 4 a 

© 










































































Orkney Islands. Lewis Islands. West and North Coast of Scotland. 


TABLE XL. 

LATITUDES a*d LONGITUDES. 


Latitude. | Longitude. | 


Latitude. Loncitud 


Great Sear Island . 54 39 oN 
Mull of Galloway . 54 38 O 
Port Patrick, Light[54 48 o 

Loch Ryan.55 2 0 

Air, Light ....... 55 27 o 

Irwin. 55 40 o' 

Elsa" Island.55 20 O 

Cumray Isle, Light 55 48 o 
Greenock........ 56 4 0 

Glasgow .55 51 32 

Pladda Light..... 55 30 o 
MuLLof Cantire.. 55 21 O 
Far. 30" IV. 

TonVore Head.... 55 54 o 

Runs Point. 55 47 O 

Skerryvore Rocks. 56 16 o 

Dusker Rook.56 34 o 

Coll Island, N. end 56 42 O 
Rutia Island, S. end 56 55 o 
Hehsker Island ... 56 56 o 
Dun vegan Head .. 57 30 o 

Rea Head. 57 5 ° 0 

More Head.55 5 O 

Stower Head.58 14 o 

Cape Wrath.58 36 o 

Ron a Island.58 55 o 

Barra Island.38 54 o 

Farout Head.58 37 o‘ 

Dunnet Head.... 58 42 o 
Duncansby Head.. 58 40 o 
Far. 30° IV. 

Mingalav Island .. 56 48 O 
South Ulst, S. end 57 5 o 

Renish Head.57 41 o 

Glash Island, Light 57 50 o 

Aird Point ..58 15 0 

Butt of Lewis_58 29 o 

Gallen Head.58 10 o 

Flauncn Isles .... 58 14 o 

St. Kilda ........ 57 49 o 

Hyskar Island.... 57 38 o 

Rockal. 57 39 o 

Pentland Skerries. 58 43 o 
Stroma Isle, S. end 58 43 o 
S. Ronaldslm, S.Pt. 58 45 o 

Copinsha... 58 53 o 

Stronsa I.LambsHd 59 2 o 
N. Ronaldsha, .... 59 20 " o 
Papa Westra Isle, 

— Mould Head... 59 10 o 
Westra Island, ' 

— Noup Head-59 i{> o 

Pomona Island, 

— Marwick Head. 59 6 o 

— Stromness.58 56 22 

Slue Skerries.59 4 o 

Fair Island.59 29 o 

Sunhro Head.59 50 o 

HangcliftorNossHd 60 9 o 


Lerwick .J60 8 o N 

Rumble Island ... <>o 18 o 

5 Out Skerries.60 27 o 

3; Lambaness.60 43 o 

- Far. 25*40'/*: 

q Rotuis Hill.60 32 o 

■3 Ossa Skerries .... 60 26 o 

Ve Skerries....... 00 15 o 

Foul Islaud.60 2 ,0 

5 Monk Rock.61 14 o 

o Fucloe Island.62 16 o 

£ Mjgines Islaud... Oz 3 o 

Noss Head.58 29 o 

Clyth Ness.58 20 o 

Ord Head.58 10 o 

Tarbett Ness. 57 54 o 

Cromartie. 57 43 o 

Inverness . 57 32 o 

Fort St. George .. 57 38 o 

Burgh Head. 57 43 o 

Cousy Point. 57 45 o 

... *57 43 o 

BamlF. 57 4i o 

Kinnaird’s Head.. 57 42 o 

Ratric Head.57 38 o 

Buchan Ness.. 57 30 o 
Far. iVIV. 

Peter Head.57 32 o 

Newburgh.57 *20 o 

N. Aberdeen, obs. 57 9 o 

Girdleness.. 57 8 o 

. Stonehaven.56 58 o 

s Tod Head.5b 52 o 

^ Montrose Ness ... sf> 42 o 

® Red Head.56 37 o 

°° Arbroath.56 34 o 

Bell Rock.56 27 o 

3 B »tton Ness 8c Lts. 56 28 o 

Dundee ...56 28 o 

^ Tay Bar.•. 56 27 o 

5 9 r. Andrew’s ..... 56 21 o 

^ Fife Ness....56 17 o 

Elly Ness.. >6 12 o 

EDINBURGH ... 55.56 42 
Gntlen Ness..... . 56 4 o 

Pidra ..56 5 o 

North B?rwifk ... 56 4 o 
May I. and Light,. 56 II 30 

The Bass. 1 56 5 o 

DunhaR . ..:,6 I O 

St. Abb’s Head ... 55 55 o 

Eyemouth.'5 53 O 

Far. 2i Points fV. 

Br * w >cK. 5J 4; o 


I 8 c\V 

0 50 0 

O 40 O 
O 38 O 

1 34 o | 
I 43 o 
1 46 o ; 
270 

6 29 o 
600 

7 25 o 


Holy Island 
Butnburgh Castle 
Staples L ght.... 
Fern I. Light 
Sunderland Point. 
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TABLE XL. 


LATITUDES and LONGITUDES 


Places. J Latitude. Longitude. 

o t a o/jt 

Coquet Island .... 55 ?3 oN 1 *8 oW 

Timnouth, Light.. 55 b o 1 20 o' 

Hartlepool.54 44 Q 1 7 o 

River Tees, entr.. 54410 140 

Stockton ..54 38 o 1 11 o 

Whitby ..54 2X 30 o 31 30 

.Scarborough.54 iX O o 16 o 

Filey Brig.54 15 o o 4 o 

Flamhorough Head 54 9 O 05 3c E 

Spurn Lights.53 38 o o 22 30 

Lynn Regis.52 45 O o 30 o 

Outer Dowsing... 53 30 o 1 18. o 

Haddock’s Bank .. 33 £30 1 39 o 

Dudgeon Light ... 53 J4 c> 1 iq o 

Inner Dowsing ... 53 450 o 47 o 

Cromer Bank ... 53 11 o 1 36 o 

Lemon and Ower. 53 9 o 2 6 p 

far. 2^ Potnts JV. 

ShcrringhamShoals 53 2 0 t 20 o 

Smith’s Knowl ... 52 54 o 2 26 o 

Cromer Lights ... 52 5b o 1 27 o 

Foulness... . 52 5-6 20 1 27 30 

Hasborough Lights 52 49 o 1 36 o 

WiotertonNessLts. 52 43 O 1 43 o 

Yah mouth .52 3b 40 1 44 22 

LeostotFLights ... 52 29 o 1 47 3 

Southwold ...... 52 20 o 1 39 o 

Aldbro Knaps.... 52 6 o I 38 o 

Orfordness Light.. 52 4 40 1 28 I 

-*-:-:- 1 

II. COAST m IRELAND. i 

I 

- .. L _ J 

Cape Clear . ...I51 24 oN 9 37 o.W 

Fastnet Rock ....5121 o 9 44 o 

Cronkbaren.51 2:7 o 952 o 

Miz v zen Head .... 51 26 O 10 2 O 
Bantry Bay, 

— Sheep’s Head..-51 33 o xo 4 o 

Greclagh Rocks ., 51 30 o 10 30 o 

Dursey I. W. end. 51 37 o xo 36 o 

. Bull Rock.51 38 o 10 42 o 

'H Cow Rock.. 51 37 40 10 39 o 

-S Kenrnare Harbour, 

ig; — Cod’s Head.... 51 43 o 10 27 O 

—Lamb’s Head... 51 49 30 10 28 o 

1 * far. 24 Points IV. 

3 Hog Islands.51 49 o 10 38 O 

1/0 Bolus Head.51 52 30 fio 45 o 

j - Skctling’s Rock... 51 52 o ji 00 o 

£ Lemon Rock..... 51 53 30 1053 o 

^ Dingle Bay, 

— Bray Head.... >r 59 o 10 51 o 

—- Dunmore Head 52 12 o 10 ^4 o 

Vo’ze Rock.52 6 30 n 6 o 

Ferriteris Island.. 52 70 II I o 
Tiraght Rocks.... 52 930 11 5 o 

GLBia$kett,W.end 52 10 o 10 59 * o 
Ennis Tuskar .... 52 13 o 11 o o . 
Dunmore Head... 52 12 O 10 54 o 
Duuorling Head .. 52 18 o 10 49 o 


Places. 

Latitude. 

Longitude. 


0 

0 

0 / 

0 

Brandon Head.... 

52 22 

oN 

10 36 

cW 

Shannon Mouth, 

— Kerry Head... 

52 3 ° 

0 

10 24 

0 

— Loop Head.... 

5 * 37 

0 

10 24 

0 

Li me rick. 

5 * 43 

0 

9 xx 

0 

Ciare ... 

5 ft 5 i 

0 

9 3 2 

p 

Hags Head.. ...... 

53 6 

0 

9 43 

Q 

Galway Bay, 

£ —^ Clack Head ... 

53 *8 

30 

9 30 

P' 

^— Galway. 

53 ft 4 

0 

9 x 3 

,o 

®‘-N. Arran I. W. end 

53 20 

0 

10 3 

p 

5 Skird Rocks. 

53 2 5 

0 

10 18 

p 

£ Siine Head. 

53 35 

0 

10 32 

0 

- Shark I... 

53 46 ‘ 

0 

10 36 

0 

^ Ennis Turk i. 

53 53 

b 

10 21 

P 

Clare t. 

53 5 * 

0 

10 12 

0 

Aehill Head. 

54 7 

0 

xo 30 

0 

Black Rock. 

54 x 3 

0 

10 36 

P 

jBroad Haven, 

— Uriis Head ... „ 

54 ^8 

0 ‘ 

10 r8 

0 

Three Tuns Rocks. 

54 31 

0 

10 4 

0 

- -Do w nPfttriek Head 

54 *7 

- 0 ^ 

9-36 

42 

Killala. 

54 x 9 

0 

9 2 7 

0 

Sligo . 

54 22 

0 

8 4 i 

0 

Ennis Murray HU. 

54 . 3 ft 

0 

8 s 5 

0 

Donnegal. 

54 40 

b ■ 

8 13 

0 

^ Tillen Head.. 

54 4 ft 

0 

8 59 

0 

c Dckiras Head. 

54 5 r 

0 

8 41 

0 

■§ Arranmore l.N.eod 

55 3 

0‘ 

* 37 - 

- 0 

Bloody Foreland .. 

55 

0— 

8 16 

0 

^Tory Island. 

55 x ® 

0 

8 *$ 

0 

— Horn Hoad... 

55 x 4 

0 1 

7 57 

0 

g Mullroy. 

55 *7 

0 

7 47 

0 

LoehSwilly, 

■5 - —Dutvaff Head .. 

55 *8 

0 

7 33 

• a 

£ Mullin Head. 

55 ft 4 

0 

7 2 4 

0 

^ Enntstrahul Rocks 

55 2 9 

0 

7 12 

0 

Var. 30° IV. 
Inishone Head.... 

55 x 6 

0 

6 55 

‘ 0 

Londonderry. .. 

54 59 ft8 

7 x 4 49 

Giants Causeway..; 

55 »8 

0 

6 26 

0 

Rachlin I. W. endJ 

55 2X 

0 

6 16 

0 

Fair Head. 

55 *5 

0 

6 6 

••0 1 

Tor Head. 

55 x 4 

0 

6 1 

0 

Maids Rocks. 

54 57 

0 

S 39 

0 

Black Head. 

54 4 0 

0 

5 37 

0 

(J a i rick Fergus. 

54 43 

0 

5 45 

30 

. Belfast . 

34 35 

0 

5 57 

0 

1 Mew I. and Light. 

54 40 30 

5 2 4 

0 

■5 South Rock Light, 

54 

0 

5 H 

0 

i; Dimdrum.... 

54 x 3 

0 

5 51 

0 

Dundalk . 

53 59 

0 

6 20 

0 

^ Crantield Point Lt.; 

54 0 

0 

6 4 

0 

| Clnugher Head ... j 

53 5 X 

0 

6 12 

0 

'O Drogheda Bar .*... 

53 45 

0 

6 14 

0 

St. Patrick’s Island 

53 35 

0 

6 2 

0 

[4 Lambay Island ... 1 

53 2 9 

0 

5 58 

0 

Howth Head Light; 

53 22 

0 

6 2 

0 

DUBLIN. | 

53 22 

0 

6 17 

0 

Wi ci?no weights. 

I 5 2 59 

0 

6 1 

0 
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LATITUDES akd LONGITUDES. 


*1 Little Mid. Ground 56 57 20N II 59 o 1 

j Lessou 1 . E. end .. 57 19 O 11 II 3 ° 

5 — West End.57 15 0 10 53 0 

Trindelen Rock... 37 25 o ri 14 O 


V. The BALTIC. 


Funen, Odensee.. 55 24 oN 10 21 ot 
j. Lanland Rudkoping 34 36 30 10 44 o 

Areo, Kiop.. .... 54 53 30 io 26 o 

Alsen, Souderborg. 54 54 59 9 48 10 

2 Laaland, Naskou.. 54 51 o l i 15 O 

| Falster, Nykoping. 54 47 o 11 55 0 

^ Moen, Stege.34 59 30 12 19 o 

Fermeren, Borge.. 54 27 o 11 17 O 


Tralleborg ....... 

Cimbrishauin. 


35 « u 
55 33 0 


Ahus. 55 55 3 ° -M x» o 

Carlscroon .... 36 10 45 *5 34 3 ° 

£ Toruin Point.36 5 O 15 50 o 

g Calmar.56 40 30 16 20 o 

3 Westerwyk.57 44 o 16 41 O 

Soderkoping.58 29 o 16 20 o 

Nykoping.58 45 0 *7 3 o 

Trosa.5853 a 17 33 0 

Landsort Light... 38 43 O 17 53 ° 

STOCKHOLM... 59 20 31 18 3 51 

Far. i± Point JF. 

Kiel.54 21 O IO 7 O 

Lublck .53 52 o 10 49 o 

W is mar. 53 5 1 3 ° 11 39 0 

Rostock.54 3 o 1217 o 

^Dars Head.54 28 30 12 30 O 

3 Gehen Light.54 28 O 13 13 O 

| 5 Stralsund.54 18 0 13 Jl o 

* Used*tin. 53 53 0 *4 5 0 

3 Wollm.53 48 0 14 44 o 

Stettin .53 23 0 14 34 o 

Cammin.53 56 O 14 56 O 

Col berg.34 7 O 15 47 0 

Rugemvalde.54 22 O 16 30 O 

Heel Light.$4 38 O 18 43 O 

Dantzig .54 22 O 18 34 o 

Pillau.54 34 O 19 54 O 

. Konigsuerg.J54 38 O J20 29 O 

2 Bruster Ort Lights’54 52 O 19 5$ o 

2 Memel .55 42 o 21 5 o 

5 Libau.56 32 o 20 55 o 

Windau.57 25 30 21 27 O 

Lyserort. 57 35 3 ° 21 3 # 0 

Domes ness Lights. 57 46 30 22 30 O 

a Runo I. Light.... 57 48 30 23 7 o 

5 Riga.56 56 31 23 57 *5 

Pernau.58 21 30 24 20 <\ 


Dago, Sitnperness. 59 6 ON 

— Dag. rort Light. 58 56 O 
Osel, Palmer Ort.. 58 39 30 

— Hunds Ort.58 31 o 

—. SivasveOrtLight 57 56 o 

— Arensrurg.. . 58 15 o 

j GatskaSando.58 26 O , 

! Faro, N. E. end .. 57 36 O | 
3 Gotland, N.E.end 57 31 O 
u— Wiiby ....... 57 39 O 

- — Hoborg.I56 57 O 

: Oland, N. end.... .57 22 O 
2 — Borgholins SI0U56 32 O 
jj — S. end, Light. J36 12 30 

l F.artholms.I55 19 o 

BornholuiN.W.eud 55 18 0 

—Hasle.*.. I55 10 O 

— S. E. end.'54 58 o 

— Svanike. ! 55 8 o 

Rugen, N. end .. .154 40 o 

— Bergen .54 24 o 

«— S.end,NewDeep 54 15 o 


r3 30 0 
13 32 O 
13 52 O 


VI. The Gulfs of FINLAND and 
BOTHNIA. 


Odensholm, Light. 
Great Roge, Light. 

1 Surep Head, Light 

2 Nargen 1 . N. Point 

^ Revel. 

Io 1 Kokskar Light... . 

Stone Skar. 

Little Titters I- 

^ Great Titters I.... 
*• Lavenscar, N. end. 
S Seascar, Light... .1 


o Dolgenos ......... 

. Tolbecon Light... 

03 Cronstadt. 

PETERSBURG.. 


59 19 30 N 
59 25 o 
59 28 30 
59 36 0 
39 26 29 
59 40 3 ° 

59 46 o 
59 47 0 
59 50 0 
59 59 0 
59 58 30 
59 20 o 

59 53 o 

60 o 30 
59 58 * o 
59 56 23 


23 19 0 E 

24 5 o 
24 26 o 
24 37 o 

24 5 ° 30 

25 8 o 

26 30 o 

27 3 o 

27 10 o 

l 7 57 ° 

28 28 o 

28 14 O 

29 6 o 
29 39 o 

29 53 o 

30 19 o 

22 57 O 


Han go Be neon ... 59 43 30 
Far. 1 Point IF, 

Helsingfors .60 9 O 

Bo* go ...60 21 O 

Lovisa.60 25 O 

Orrcngrunds Beac. 60 14 O 
Hog land 1. Lights. 60 3 O 

Asj>*i.; .... 60 14 O 

Frederichsham. 60 30 o 

WlBURO.*... f >0 39 o 

Styrs lldden.6o 8 30 


q Uto Light. 59 47 O 21 2a O 

S Abo .60 27 7 22 15 o 

^ Wasa ..:r'>3 13 o 2t 55 o 

aq Torue»rr y ^ 4 v , rv T-65 50 50 24 12 O 

Digitized by VjXjOvIC ** J 0 
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TABLE XL. 


LATITUDES and LONGITUDES. 


VII. Coasts of DENMARK, GERMANY 
HOLLAND and NETHERLANDS. 
From the Soaw to Calais. 


Scaw Light..57 43 2 oN|io 37 oE 

b Robsnout.. ..57 25 o o 29 o 

Holmen.57 xo o 8 30 o 

Bovenbergeu.56 ^5 o 800 ; 

^ Point Horn ...... 55 28 o 8 x o 


Latitude. 


Helegolaild Light. 
Elbe R. Red Buoy. 
Vox, 2 Points IV. 

Nework. 

Cuxbaveu.*. 

’Glukstadt. 

Stude.. 

Hambuxo.. 

^ Bremeiiehe. 

Bremen . 

Emden. 

Gottingen, obs. .. 

Harlingen. 

Torel, S. point... 

Alkwiaer. 

AMSTERDAM .. 

Haarlem .. 

. Leyden.. . 

The Hague. 

Hollands Hook ... 
Rotterdam. .... 
Var. 2^ Points IV. 

Goerre. 

Schofven Lirfit^... 
Wakhcren I. W.. 
Middk'burg ... 

FLUSHING.. . . . . . 


54 II O 
r53 59 30 

S3 55 19 
53 5i 40 
53 47 43 
53 36 5 
53 33 3 
53 3 2 3° 
53 5 11 
53 20 o 

51 3i 54 

53 10 o 
53 3 o 
152 38 34 
5 » 21 5 ^ 

52 22 14 
52 8 40 
52 4 12 
51 56 o 
51 54 56 

51 46 30 
51 39 O 

>! 52 o 
■>t 50 6 

51 2637 


Antwerp .51 13 jg 

Slays..51 18 35 


Bruges .... 

Ostood .... 

Neu port,.. 
Fumes .... 

Dunk ikK , 
Berg...... 

Gravelincs. 
Calais. ... 


.. 51 12 20 

•* 5 i 17 5 

..51 7 4i 

• 51 4 17 
.. 51 2 3 

• • 5 ° 57 43 

.. 50 59 4 ' 

• • ! 5 ° 57 31 


* 3 * 50 

8 46 30 

9 26 47 
9 23 15 
9 56 H 

8 30 o 

# 49 34 

7 10 o 

9 52 45 

5 20 o 
4 33 o - 
4 38 *6 
4 51 30 
4 36 o 
4 25 r6 
4 16 2 
400 
4 29 30 

3 54 o 
3 37 o 
3 25 o 
3 3 ° 35 

3 34 9 

4 24 15 
3 ^ 54 
3 13 13 
2 53 2X 
2 45 10 
2 39 53 
2 22 52 
2 26 26 
2 7 47 
1 51 11 


ill. Coasts of FRANCE, SPAIN, an 
PORTUGAL. 

From Calais to Gibraltar. 


Calais.[50 57 31 N 1 51 11 

Cape Gris ness-50 52 45 1 "u 50 

Ambleteuse..50 48' i\ 136 1 

Boulogne .50 43 30 1 36 55 

Eta P les . 1 .. 50 30 44 1 38 3*1 


Moutreul.50 27 

Rue.50 16 

Le Crotoy.50 12 

Abbeville.50 7 

S.VakrysurSonmie 50 11 

Eu.....50 a 

St. Quintin.49 50 

Dieppe, Light ... 49 55 

Ailly Light. 49 55 

St. Valery cn Caux 49 52 

Fccnmp.49 46 

C. de Caux.49 41 

C. de la Heve .... 49 30 

Havre.49 29 

Harfleur.49 30 

Honfleur.49 25 

Paris, obs.48 50 

Rouen.49 26 

. Caen....". 49 II 

S Bayeux.49 16 

o Carentan.49 18 

X*« St. Maroou 1.49 29 

C. Barfleur, Light. 49 41 

Cherbourg .49 38 

§ Pelee Isle.49 40 

*4 Cape la Hogue ... 49 43 
| Alderney I. N. end 49 45 
•5 CaskettLight*. 49 44 
<5 Guemseyl.S.Piere 49 25 
< Sark I. W. end ... 49 23 
Jersey Island, 

— C. Grossness... 49 17 
*•— St. Aubin .. .. 49 12 
— St.Clement's Pt. 40 8 
Chausey Island. .. 48 52 
St. Germain 49 13 

Corttanees.49 2 

Granville.48 50 

Avranehe.48 41 

Mount St. Michael. 48 38 


Ponto i*80ii . 
Cancalle... 
St. Malo... 
La Conchee 
I)ir*ant.... 


Cape Frelicl Light.U8 41 


Sf. Brieu. 

lirehat. Ulund .. 

Tregneir. 

Morlaix ....... 

St, Pol de Leon. 
Blauehe Rock . . 

1. de Bas. 

St. Anthony's Lts 
USHANT LlCHT. 


Brest*. . .. 

St. Matthew's Lt 
Point Ras ..... 

- Saints Rocks. .. 
Poik^L’Abbe .. 
Quiroper. 


• 48 22 55 

• 48 19 52 
.48 O 45 

• 48 5 5 
. 47 48 40 

• 47 58 24 


I 45 47 E 
I 40 I 
I 27 24 
I 49 45 
1 37 i* 

I 15 18 
1 23 42 

* 4 27 

1 10 17 
O 41 25 
O 22 o 
o n g 
040 
o 6 12 

o 11 42 i 

0 13 59 i 

2 20 o 

1 s 35" 

O 21 ■$; 

O 42 56 
1 *5 5 
1 9 3 ° 

1 t6 10 

* 37 5 * 

* 34 58 
» 55 30 

» 9 3 ° . 

2 26 10 
a 33 o 
a 24 45 

2 18 47 

2 ” 37 
1 56 12 

1 5 ° 35 
1 35 50 

I 27 10 
1 36 52 
I 22 23 
I 31 12 
4 3 * 3 1 

* 51 3 = : 

* 1 1 , 
1 3 15 

a * 5 | 
1 19 45 

- 43 2 

* 55 4 « 

3 ‘4 55 

3 53 ;/> 

4 o 6 I 


4 29 o 

5 4 18 

4 30 35 
4 47 ia 

4 47 3* 

5 5 0 

4 12 o 
4 7 10 











































































TABLE XL. 

LATITUDES and LONGITUDES. 


V annes.. 
Guizaude 


Cape Prior..... J 


F E R B. O L . .. . ) 

4.1 «rt 

Corunna. 1 

43 3 * 3 ° 

Cape I 3 ul< m. 


Cape Tin iaiia .... 
Cape Finistene... 
Vigo. , 

4*3 1 0 
42 51 52 

Cape Fasilaj ..... 

41 59 0 

Oporto'. . . . 



42 10 0 
40 38 20 


Coimbre. 

Cape Mondego 
Cape Fiseraon. 


Cape Carbon era 
Cape St. Maria . 

Point St. Antony, 930 

37 I* o 


Latitude. /Longitude. 


8 14 oV 

8 52 o 

9 21 o 
9 3 6 45 
9 35 3 ° 

9 9 10 

Q 22 O 
5 54 22 

8 58 O 

9 2 22 

8 38 o 
8 19 o 


7 54 9 
7 20 o 


The North Coast of the 
MEDITERRANEAN. 


I 

40 

32 

I 

47 

29 

1 

57 

0 

2 

54 

0 

3 

3 

0 

4 

1 

0 

4 

24 

0 

5 

28 

0 

5 

59 

0 

6 

24 

0 

7 

4 

0 

7 38 45 

8 

15 

0 

8 

9 

0 

8 

22 

0 

9 

12 

0 


I 8 3 a 
o 43 o 
o 15 o 
o 5 o I 
o 16 o'W 
o 36 o 
o 3 o J 
o 24 o 
1 5 o 


42 3 O 2 22 O 

42 15 O 2 2S O 

42 27 o 3 38 o 


9 19 o 
9 17 10 


42 31 45 

42 4 i 55 

43 n 13 


43 15 20 
43 23 21 


3 5 17 

2 54 20 

3 0 23 
3 28 26 
3 2'6 19 
3 42 22 

3 5 » 59 

4 11 44 
4 3 8 r 5 

4 4 8 48 

5 26 49 

5 22 23 
5 37 6 
5 5 i 2 
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TABLE XL. 


LATITUDES and LONGITUDES. 


Totn.0*. 

Hteres. 

Gien... . 

£ Cape Ttillar. 

Fwjns... 

St. Trope* ..j 

Cape Roux. 

Cannes... 

Antibes ......... 

St. Marguerite Id. 

Nice. 

Vilie Fraoche, JLt. 


43 7 *4N 
43 7 ’3 
43 * *9 
43 7 3° 
43 *5 5» 

43 *6 *7 
43 « 3° 

43 34 5« 

43 34 jo 
43 3* J 4 
43 4i 54 
43 40 47 


Cape Melic. 

Savoua . 

Genoa. 

Rapnllo. 

Point Veucre .... 

Pisa. 

FLORENCE. 

Leohor'v. 

Vox, iff JV, 

Cape Mount Nero. 

Vada... 

Piombino. 

Cape Troy. 

Point Hcrcole .... 

*0 > Cl VITA VlCCHlA . 

ROME. 

Cape JDasia ...... 

^ Cercello Point.... 

5 Gaeta .. 

£ NAPLES. 

Salerno. 

Cape Licosa. 

Policastno. 

St. Eufi'irtia...... 

Cape Bata can 


43 o 
43 I f> 0 
43 o o 
42 50 o 
42 23 o 
42 5 24 
4i 53 54 
41 20 o 
41 4 o 
41 2 o 

40 50 45 
40 38 o 
40 20 o 
40 7 O 
39 2 o 
3 # 47 o 


Cape Grose. 

Cape Larint* .... 
Cape Spartavento 

Cape Stillo. 

Catanzaro. 

' Cape Riznta .... 
£ Cape Lize. 


£ Galipoli. 

Cape St. Mary.. 

Otranto. 

Brindisi. 

Bari. 

Manfredonia... 

Ortona. 

Ancona ...... 

rmr.z? o fr. 

Rami do... 

Comachio.. 

VENICE. 

Trieste *. 

Rorigoo.. 

Segna. 


. 38 21 O 
37 56 o 
■ 37 57 o 
. 38 3° 0 
. 39 1 o 
. 54 o 

. 39 *8 o 
40 28 o 
. 40 s o 
. 39 55 o 
. 40 10 o 
. 40 37 o 
. 41 7 0 
. 4i J» ° 
. 44 45 0 
. 43 37 54 

43 57 <» 

44 40 17 
. 4J t 6 o 

45 48 O 
45 7 0 
*45 IS 0 


5 5 6 50 1 

6 8 26 
6 8 29 
6 43 3° 

6 43 54 

6 39 45 

7 2 30 
7 1 29 
7 8 48 
7 3 37 
7 17 37 
7 20 40 


to 22 52 
ri 15 15 
to 16 30 

to 15 o 
to 41 o 
to 34 o 
to 52 o 

tx JO o 

tx 46 I % 
t2 29 13 
[2 36 30 
t2 35 O 

[ 3 35 0 
[4 18 o 
4 36 o 
[4 47 o 
t5 42 o 
[6 42 o 
t6 28 b 

:6 xo o 
t 6 15 o 
t6 52 o 
t; 13 o 
17 19 o 
‘7 43 o 
17 39 o 

{ l 35 0 
t8 32 o 
:8 51 o 
t8 55 o 
t8 13 o 
[730 
[670 
14 33 « 
[3 30 30 

ta 23 o 
12 9 47 
ta xx 30 
t x 33 O 


Longitude. 


Cape Scsto 


Durazzo........ 

Cape Patti. 

Cape Linguettc.. 

Valtona. 

Butrinto........ 

Cape St. Nicholas 


Cape Matapan . 
Cape St. Angelo 


Conuth. 

£ Athens ....... 

Ne groi>ont. 

Cape Doro. 

Cape St, George 

Salonica. 

Cassandra. 

Mount Athoa... 
Conte sea. 


Cape Maori.... 
The, Dardanelles 
Adrianople .. 



*5 47 

0 

16 20 

0 

17 25 

0 

18 31 

0 

19 3 * 

0 

19 30 

0 

x 9 37 

0 

20 0 

0 

20 17 

0 

20 20 

0 

20 50 

0 

21 24 

0 

22 25 

0 

21 32 

0 

22 \o 

0 


0 

-3 » 

0 

2 3 *5 

0 

2 3 5 1 

3 ° 

14 7 ° 

JJ 6 O 

n s° 

0 

2 3 8 

0 

2 3 45 

0 

24 42 

0 

24 O 

0 


The South Coast of the 
MEDITERRANEAN, 


Mondania. 

Cape Janisari ... 

Troy .. 

Capo Baba. 

Adramitta.. 

Smyrna . 

Vox . 14 0 I 5 # W 

Black Cape. 

^ Cape St. Mary .. 

h Melissc. 

^ Cape Baibe. 

•5 Maori.. 

Seven Capes .... 
Rosa Island ... 

£ Cape Chelidoni 


Cape Draumont 
Calvero Point.. 
Cape Urco...., 


AURXANPRRTTA 

or Scandaroon 
Cape Zaret.... 


.. 

37 33 

0 

,. 

tmm 

.. 

36 40 

0 


27 19 

45 

26 25 

0 

27 7 

0 

27 27 

0 

27 45 

0 

29 3<2 

0 

29 0 

0 

20 59 

0 

3® 45 

0 

31 0 

0 

}2 26 

0 

33 25 

0 

u 12 

0 





















































































































TABLE XL. 

LATITUDES and LONGITUDES. 



Latitude. I Longitude. 


a Zaflarina. 

Cape tres Forcas.. 

Cape Baalal. 

Cape Ncgril. 

5 ® Tetuan...... 

o' Var. zi° fK 

Jj Tangier. 

: Cape Spartel. 


XI. Islands in the MEDITERRANEAN, 
GULF of VENICE, and ARCHIPELAGO. 



Alboran.I35 57 

Promentcrra, 

—Cape Moza .... 38 43 
— West Point.... 38 39 
Yvica, N. E. point. 39 15 
— South Point... 38 51 

Colebres.39 51 

Cabreia.39 11 

^ N. PtC. Fromentor 40 7 
£ S. Point, C. Salini. 39 22 
•S,E. Point, C. Padro. 39 43 
;§ Dragon Island.... 39 48 
Majorca ..39 35 

Minorca, C. Bajoli. 40 18 
— Port Mahon.. 39. 51 < 

N. Pt., Lagosardo . 41 10 

CapcAsinara.40 49 

Cape Caccia.40 27 

Cape Otano...... 30 4 

a CapeMalfetcna... 38 45 

*S Cagliari .m 10 

^ Var.iif 36'/#' 
eg Cape Carbonera .. 38 5 a 
Cape Frances .... 39 34 

Olaster.. 40 4 

Cape Cavallo.40 44 

Cape Corse.4a 38 

Saiut Fioreuzo.... 4a 31 

, Calvi.43 26 

3 Ajacio. 41 48 

C South Point...... 41 17 

tS CapeSigno.43 10 

Haiti a ......... 43 33 

Gorgon a.43 23 

Capraria.*...43 5 

.Elba, West Point. 42 45 

Pianoza... 42 38 

Formigucs.^42 28 

Monte Christo.... '42 10 
Gilio, South Point. ! 42 It 
Ganuto........., 42 8 

Palmaria.40 35 

Pozea, Snath Point 40 32 
Ischia, South Point 40 24 
n ( jlaPXSL-CvQOQ I ^40 11 


57 oN 3 3 oW 

43 o 1 14 oE 
39 o o 57 o 

15 o 1 25 o 

51 O o 55 < o 

53 o o 33 o 

13 O * 37 'O 

70 300 

22 O 2 42 O 

43 o 3 17 o 

48 o i 59 o 

35 o a 29 45 

18 o 3 35 0 

51 48 3 48 30 


870 
8 14 o 

8 54 o 

9 30 ^ 
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TABLE XL, 


LATITUDES and LONGITUDES. 


Places^ ! J Latitude. 1 Longitude. 


Latitude. I Longitude. , 


Messina.. , 

Jo *4 0 

Cape Orlando _ _ 

38 20 O 

Cape Cefala. 

18 i} 0 

Cape Caff ana .... 

38 18 0 

Palermo . 

38 6 45 

^Capc AIok. . 

i8 18 0 

"3 Cape St. Vito .... 

<8 17 0 

<0 Tripano.. 

i8 9 0 

Capo Ruxo ...... 

37 17 0 

Cape Alicante .... 

JZ 3 0 

Cape Secha ...... 

36 49 0 

Cape Passari. .. J . 

36 41 0 

Saragossa. 

37 5 0 

Cape Carnali. .... 

37 *4 0 

Cape Moline. 

37 37 0 

Stromboli.. 

j 85 S 0 

Li pari, South Point 

38 37 0 


Ali 

Us 
Le 

Maritimo....... 

Favognapa...... 

Galiti, Hast PoiAt 
The Qtiijl Rockf. 
Patttellaria. 


juiooza ... . 3552 o 

Pi<lossn, E. Point.. ^5 31 o 
Gozo, N. P6int... '34 3 10 

• Cape Comoneto .. 35 54 o 
2 La Valettc.$1 47 


j Kar. if IK 

Cape Nicholas.*.. 35 

, Fapo............ 40 

5 Peiagosa ... 42 

5 Plana..42 

“V Tromiti...42 
V Lissa, South Point. 42 
^Potfto 43 

^ Ldtiga, £>. E. Point 44 
^ Paxu, South Point. 30 
St.Marau, W. Point 38 
Cefalouia, S. Point 38 
— Cape Viseardo. 38 
' Zartte, S. Point... 37 
Cerigo, S. Point... 36 

0 ' C. rigotto.33 

Milo, Town.36 

t Soio, Town.38 

2* My tele nc. Town.. ^9 
"2 Tenedoi......... 39 

^ Lemnos.39 

Cape Coo.. ^5 

d Cape SpaJa.' 15 

•3 Suda.^ 

.3 lain; Saisosa.11 

J Candia. 

Cape Sidera. \\ 


13 20 O 

*3 59 0 


la 55 o 
U 4 J o 
14 5 0 

14 11 o 
14 28 30 

14 39 o 

19 32 ° 

10 20 o 
16 3 o 

15 40 .0 

16 15 o 

11 . 4 S o 
15 4# O 

20 22 O, 

20 41 o 
20 53 o 
20 47 o 
20 49 O 
23 I o 

23 24 O 

24 5° o 
26 3 ^ 
26 27 o 
26 6 o 

25 28 o 


Cape SaUmone [35 o 0NI26 20 o E 


Goza, S. Point 
Coxa, S. Point 
Scji 
Rh 



26 

20 

oE 

U 

1 

O 

27 

a* 

O 

2 7 

7 

O j 

28 

30 

O 

28 

21 

O 

34 . 3 * 

O 

32 

47 

O 

31 

4i 

O 

33 

8 

O 

2 ± 

5 

Q 


XII. The Coast of AFRICA firmu the 
Entrauoe of the Mediterranean, to the 
Capo of Good Hope. 


Cass Spa ate l 


Cape Blanco 
Cape Can tin. 


35 

46 

oN 

5 

57 

12W 

m 

11 

0 

6 

12 

0 

34 

5 

0 

6 

43 

3 ° 

33 

15 

0 

8 

25 

0 

33 

6 

0 

8 

40 

0 

32 

35 

0 

9 

5 

0 

32 

20 

0 

6 

46 

0 

31 

*5 

0 

9 

3 * 

0 

30 

3» 

0 

9 

52 

0 

30 

45 

0 ( 

JO 

21 

0 

3° 

.30 

0 

9 

38 

0 

28 

37 

0 

11 

*5 

0 

28 

M 

0 

11 

3 i 


27 

54 

0 

U 

42 


26 

12 

30 

14 

27 


23 

32 

0 

*5 

20 


22 

*5 

3 ® 

16 

40 

0 

20 

55 

3° 


10 

0 

20 

33 

0 , 

16 

16 

38 

■ S: 

*9 

45 

0 

20 

0 

18 

7 

0 

16 

3 

0 

15 

53 

0 

16 

32 

3 ° 

16 

. i 

. 3 ° . 

16 

28 

0 

*4 

47 

13 

i? 

33 

16 

14 

49 

10 

f 7 

25 

0 

14 

34 

0 

>7 

12 

30 

*3 

22 

30 . 

16 

40 

IS 

13 

.14 

0 . 

16 

9 

El 1 

12 

17 

0 

16 

48 

0 

10 

. 5 

0 


55 

0 


| 9 22 o 
1 8 49 10 
| 8 29 30 

890 

8 5 30 
7 4 ? o 

l I 30 

6 46 o 
A 18 20 


U 9 *7 

12 52 O 

13 5 o 
12 39 O 

12 22 O 

11 15 0 





































































G*ld Coast . IcinyOoast, Gram Coast. 


TABLE XL. 

LATITUDES and LONGITUDES 



Latitude. | Longitude. 


Grand Bass a. 

River Sc s tbs. 

Snugwin. 

Krou Settra. 

Grand Sisters. 

Cape Palmas. 

Far. iy 30' IV. 

Tabon Point. 

St. Andrew's River 

Cape Labou. 

Grand Bassam... 
Cape Appollonia.. 
Axim. 


o / # 

5 37 
5 34 3 ° 
5 12 o 
4 58 o 

441 O 


Dixcove Fort.. .. 

Secondcc . 

St. Sebastian’s Fo 


Annamaboe. 

Kormantiue Fort. 


Barracoe Pt. 
Acrarah .... 


4 33 

0 

5 0 

0 

5 16 

0 

5 M 

0 

4 59 

10 

4 57 

0 

4 40 30 

4 44 

0 

4 54 

0 

4 56 

0 

3 *38 

5 7 

0 

5 *0 

0 

5 ™ 

58 

5 *3 

*o 

5 22 

0 


Adda Ca>tlc... 
Cape St. Paul’s 


Little Popoe 


5 34 o 

6 xo o 


840 
7 41 o 


3 10 11 


2 55 

0 

2 43 

30 

2 32 

0 

2 20 

0 

2 14 

0 

2 O 12 

2 52 

0 

2 39 

0 

2 34 24 

2 15 

0 

0 37 

0 

0 10 

0 

0 20 

0 

0 50 

0 

1 6 

0 

1 25 

0 

1 25 

0 

2 57 

0 

2 42 

0 


Cape Voltfs..... 
St. Helen’s Bay, 

# —Cape St.Martin 
-j? Satdanab Bay.. •. 
_« DasscA Island. *. 




XIII. Islands, Bocks, and Shoals in the I 
NORTH ATLANTIC OCEAN, and 
SOUTH ATLANTIC, or SOUTHERN % 
OCEAN. 

Lion’s Dank. 5 ^ 4 ° oN 17 45 oW. 

Rockal. 57 39 0 I 4 *3 0 

Atkina Sboed. 55 25 0 « *5 0 

Chapel Rock. 47 28 0 7 3 ° 0 

Dead's Rocks .... 46 25 o 13 0 0 

Gough’s Rocks.... 40 25 O .<3 0 0 I 

Hamond’s Rock... 3645 o 23 10 o 

Steen Ground.32 45 o 2l 25 o \ 

Josnn Ri>ck.31 17 O 23 5 * 0 

Bermudas 1 .3* 35 0 ^3 ^ 0 = 

Brtrnkers.32 35 0 57 38 0 I 


Corvo, South Point 39 
Flores, Pt. Delgadu 39 
Fayul, S. E. Point. 33 
Pjco, 

—Point do Esportal 38 
—Summit of Peak 38 

—East l’uiut.38 

St. George, S.E,Pt. 38 , 
j. Gracinsa, 

S —Villa da Praya.. 39 
2 Terc« ira, Anoka, 38 
St. Michael, 

£ —Pta, Dclgnda ... 37 
—Pta. Ferrari a... 37 
—North East Point 37 
2 Formigas, or Ants. 37 
> St. Mary, Town.. 36 

*—tyeSt Point.36 

: — Punta daCastello 36 


Porto Santo, Town 32 58 IJ 
Madeira, 

• —Lorenzo Point.. 32 43 O 
\ —Tristam Point.. 32 54 O 

' —Funchal.32 37 30 

! I'ar. 17-56' H\ 

: S. Dezertos, 

\ —South Point.... 32 22 O 
’ Salvages, Middle.. 30 8 15 

Piton.30 1 38 

Far. 18* 23' 

gitized by v ~n K 


32 22 O 

30 8 15 


3 i 7 3 i 
31 7 17 
28 41 36 [ 

28 35 0 1 
28 28 o I 
28 6 20 [ 

27 50 30 

28 % o 

27 12 33 

25 39 10 

25 5 » 17 
25 15 o 

24 53 33 

25 12 20 
25 14 3 
25 5 30 

16 25 15 

16 47 o 

17 25 3 ° 

17 5 o 


16 36 o 

15 53 o 

16 5 38 




























































Cape f'trrd islands. 


TABLE XL. 

LATITUDES and LONGITUDES. 


Longiiude.l Places. 


Palma, Town .... 28 37 
—North Point.... 28 49 
—South Point... 28 29 30 17 40 30 

Ferro, Valverde... 27 47 35 17 45 8 

Gomero, 

—St. Sebastian... 28 5 40 17 8 0 

Teneriffe, 

—Hidalgo Point.. 28 40 O 16 21 O 

—Orotava.28 23 35 16 35 35 

* —Tona Point.28 16 30 17 I o 

^ —Peak.28 15 38 16 45 33 

—Port Christinnbs 27 57 o 16 52 o 

—Santa Cauz .. 28 27 30 16 16 30 

Var.ifx^W. 

Canary, N.E. Point 28 13 O 15 38 45 

—Palmas........ 28 80 15 43 o 

—SouthWestPoint 27 45 O 16 3 O 

Fuertcventura, 

—Point Gorda.... 28 46 o 13 52 30 

—SouthWestPoint 28 4 O 14 31 30 

Lanzarote, S. Point 28 51 o 13 35 o 

—Puerto de Naos . 28 57 o 13 22 O 

—Puuta del Farion 29 14 o 13 12 O 

I Graciosa.29 14 o 13 14 O 

St. Claire.29 17 o 13 13 O 

Alegranza.19 20 o 13 10 O 

St. Antonio, 

—SantaC auz... 17 13 o 25 ij o 

—Southend.16 58 o 25 28 o 

St. Vincent.17 1 o 25 6 o 

St. Lucia, S. Point. 16 46 o 24 55 O 

St. Nicholas, N.Pt. 16 50 o 24 37 o 

—East Point.16 30 o 24 12 O 

Salt I. South Point. 16 38 15 22 56 15 

Bonavista, N. Point 16 3 40 12 45 32 

Mayo, S. W. Point 15 5 56 13 60 

St. Jago, 

—Port Praya... 14 53 40 23 30 O 

Fogo, North Point. 14 57 2 24 *22 O 

Brava, South Point 14 50 58 24 43 4 

PorgasBankfN.cnd [7 50 o 19 10 p 

—South end.14 43 o 19 45 p 

Pcncdode StPedro, 

or St. Paul’s- 0 55 0 17 14 o 

Fernandez Po.... 3 28 o 8 40 o 

Princes’ Island.... I 37 O 7 40 0 

St. Thomas’s Isle . o 19 o 6 41 30 

St. Matthew’s .... 1 35 o S 7 30 * oX 

Annabona, N, end. 1 *25 o 5 45 o) 

Ascension. 7 57 o 14 15 50\ 

St. Helena, 

I —James Town.... i< o t 11 10 


0N1734 oW 
30 1744 O 

30 17 40 30 

35 ‘7 45 8 


15 ** 

40 22 

56 *3 


40 23 

1 24 



Gough’s Island.... 

Pepy’a Island. 

Isle Grande. 

Falkland Islands, 
—Port Egmont... 
—Cape Pcrcival.. 
— 01 dFort,St Lewis 

Wallis Island. 

d Cape North. 

Cape George. 

g Sandwich Bay.... 
O Q. Charlotte’s Cape 
5 Cooper’s Island ... 
© C. Disappointment 
50 Pickcrvgill Island . 
Clerk’s islands.... 

-o Candlemas Islands 
*4 Saunders Island... 
Cape Montague... 

’§ Cape Bristol.. 

Friesland Peak.... 
cjj Southern Thule... 


XIV. The Coast and adjacent Islands from 
the CAPE or GOOD HOPE to CANTON. | 


C. ofGooD Hope.. 

134 29 0 

FaUe Cape. 

34 *9 0 

Cape Agulhas.... 

34 5 ° 0 

Cape Infante... i . 

34 37 © 

Cape Vaccas. 

34 33 © 

Cape St. Brass.... 

34 s6 0 

Cape Talhado.... 

34 *1 © 

Cape Delgado.... 

33 55 © 

Al.ipoa Bay, 


—Foul Cape. 

33 5 6 0 

Point Pailraon.... 

33 39 0 

First Pt. of Natal.. 

32 22 0 

Middle Pt. of Natal 

3* # 0 

Port Natal. 

-9 59 0 

Point St. Lucia... 

28 46 0 

a Cape Smoke. 

27 13 0 

•j* Delagoa Bay, 


Cape St. Mary.. 

25 55 0 

^ Cape Corrientcs ,. 

23 40 0 

2 Cape St. Sebastian, 

22 29 0 

a Bazarut Islands... 

22 0 0 


18 

23 

15 £ 

18 

41 

0 

20 

1 

0 

20 

47 

0 

21 

37 

0 

21 

56 

0 


7 57 0 

14 15 5 °" 

x 5 55 0 

5 43 3 ® 

3 56 0 

32 24 0 

3 56 0 

34 30 0 

17 50 0 

39 0 0 

20 25 0 

35 40 0 

20 31 0 

:8 37 0 

20 *28 0 

28 13 0 

30 45 0 ; 

19 40 0 

36 27 0 

13 17 0 

58 53 0 

ro 40 0 


Mom has 


Cape Bassas. 


15 10 o 
10 4 O 

































































of Persia, Coast of Arabia* . IhcRedbca. 


TABLE XL. 

LATITUDES and LONGITUDES. . 


Latitude. Longitude. 


Cape Orfui.io 32 ON 51 49 

Cape Guardafui... n 50 o 51 56 

Mount Felix.12 o o 51 13 

Burnt Island.11 18 .0 47 52 

Cape Rasbel.12 4 0 43 51 

Socotra 1 , B. Point 12 18 O 54 25 


CapeBabclmnndcl. 1 
Far. io- 2c f IV, 

J>enis Bay.: 

Cape Calmer. 

Cape Nose. 

Sut2.. 

Has Mabn. 

Baridy Harbour... 

Yambo. 

Judda . 

Mecca. 

Loh ill 4. 

GebelTor f SouthPt. 
GebelZckir, X. Pt. 
Bectlcfackic...... 

Mocha. 

Far. 1 Point IF, 

Cape St. Anthony. 

Cape Aden. 

Cape Bogashua ... 
Kissecn Point.... 

Cape Fartash. 

Cape Morebat... 
Cape Cbansely, or 

St. Pedro. 

Cape Isolette. 

Great Mazeira I... 
Cape Rosalgatc... 
Muscat. 

Cape Musseldom.. 

Cape Jask. 

Goinharonn. 

Ormus Island. 

• Karak Island. 


Cape Monze.25 

Point Gigat.22 

Piu Point.20 

Cambay...«-.22 

Surat ..21 

Damaun...20 

Omcreon.20 

St. John's Point... 20 

Bastcen Fort.19 

Bombay.18 

—LishtHouse.... 18 
Hcnery&Kencry Is 18 

Coullabal.18 

Chaoul.18 

Bancoot. 17 

Scverndroog..‘17 , 


43 4 * O 


26 17 o 
25 57 o 

27 18 o 
27 10 o 
-9 13 54 
30 31 o 


44 43 © 

45 28 © 
49 16 o 
51 4 o 
51 50 o 

55 ^ o 


56 52 o 

57 50 o 
56 6 o 
^6 16 o 
48 32 58 
47 jo © 

66 12 o 
68 35 o 
7° 3 o 

72 26 o 

73 2 34 
73 * 45 
7 * 56 3° 
72 49 0 
72 55 24 
72 54 24 
72 52 54 
72 53 © 

72 56 30 

73 o © 
73 7 54 
73 9 0 


Placet. 

Latitude. 

Longitude. 


0 / 

H 

0 » 0 

Dabul... 

11 46 

oN 

73 I* oE 

Gheriah. 

16 37 

0 

73 ** 24 

Vingorla Rocks. .. 

45 55 

30 

73 3 ° 0 

Goa............ 

15 28 

20 

73 55 39 

Alguado Point.... 

15 28 

55 

73 48 39 

St. George’s Island 

15 24 

0 

73 43 0 

Oyster Rocks. 

14 55 

0 

74 18 0 

Carwar Head. 

14 47 

0 

74 12 3 ® 

■*» Onore. 

14 16 

0 

74 .32 0 

2 Fortified Island ... 

u 18 

0 

74 26 0 

*3 Pigeon Island...,. 

14 4 

0 

74 25 0 

la Bareelore........ 

*3 45 

0 

74 45 © 

3 St. Mary's Rocks.. 

13 32 

0 

14 39 0 

^ Permira Rocks ... 

13 *3 

0 

74 44 0 

Mangalore. 

12 50 

0 

74 57 24 

Mount Dilly. 

11 59 40 

75 14 30 

Canaoore. 

11 51 

0 

75 *S 0 

Tillieherry. 

11 45 

20 

75 29 3 

Sncralice Rock.... 

u 28 

0 

75 31 5 

Calicut... 

11 20 

0 

75 5 ° 0 

Cranganore... 

10 17 

0 

76 6 0 

Cochin. 

9 58 

0 

76 ij 0 

Quiloti. 

X St 

3 ° 

7 * 37 3 ° 

Anjango Roads ... 

8 39 

25 

76 50 O 

Cape Comorin... 

7 56 

0 

77 40 0 

Munapar Point.... 

8 29 

0 

78 IS 0 

TriuchindorcPagod 

8 37 

0 

78 14 0 

Point Calymcre... 

10 20 

0 

79 46 0 

Ncgapatam. 

10 46 

0 

79 48 26 

. Tranquebar. 

10 56 

0 

79 5 ° 30 

5 Devi cotta. 

U 11 

0 

79 47 0 

£ Porto Nova.. 

II 30 

0 

79 45 3 ® 

^ Cuddalorc. 

II 42 

0 

79 46 0 

Pondicherry ,.. 

II 55 

41 

79 52 45 

a Sadras. 

it 37 

0 

80 16 0 

§ Madras, ] 




= —Fort St. George.. 

13 4 

54 

80 28 45 

^ Pullicate. 

13 26 

0 

80 30 0 

ArmegonShl.N.enci 

(4 0 

0 

80 28 0 

Point Divy.,j 

15 58 

0 

81 15 0 

Masulipatam.. .1 

16 8 

3 ° 

81 11 45 

Point Gordeu ar... | 

16 40 

0 

82 27 0 

Coringa. 

16 45 

0 

82 19 0 

Visagapatam. 

17 43 

0 

83 23 52 

Bimliapatam. 

17 57 

0 

8j 35 » 

Chicacole. 

18 27 

0 

84 O O 

Ganjam. 

19 22 

30 

85 18 30 

Jagernaut Pagoda. 

19 48 

0 

85 57 0 

Black Pagoda. 

19 52 

0 

S6 12 0 

False Point.. 

:o 17 

0 

86 45 0 

Point Palmiras.... 

20 44 

0 

87 1 26 

Balasore . 

21 CO 

0 

87 1 30 

Ingerlee Pagoda .. 

21 40 

0 

87 57 0 

Kedgeree........ 

21 48 

0 

88 a 0 

Calcutta, 




—Fort William... 

22 34 40 

88 28 15 

Chandemagor .... 

22 51 

26 

88 29 30 

Mud Point....... 

21 56 

0 

88 9 0 

Light House Point. 

21 28 

0 

88 25 0 

Tail of E. Sea Reef 

20 57 

0 

88 26 0 

[ Tail 

30 59 

0 

88 10 0 

W,foot of the Bract 

21 4 

0 

87 45 0 

















































































China . Malay . PegVt 


TABLE XL 


LATITUDES axd LONGITUDES. 


Latitude, j Longitude. 


Latitude. I Longitude. ! 


Islamabad, or 

Chittagong.. 

Aracsm River.... 
Chedubal. N. end 
Capp Negrais... 
Diamond Uto,... 
Bragu Point..... 
Martaban....... 

Tavny Point..,.. 

Merguy.. 

Junkaelon, High 
Mount. South end 
Slipper Island.. •. 
Qutdn Roads.,., 
Pulo Pin ting, or 
Pr. of W alesl., 
—Fort Cornwallis 
Purcelar Hill.... 

Malacca. 

Mount Formosa.. 

Pulo Pisang. 

Point Romania .. 
Tringnno Roods.. 

Siam .i 

Camboja Point.. 
Cape St. James.. ] 
Cape Avarcllo ... i 
Port Counion y,.. 
Pulo Canton.... 
Turon Bay..... 
Macao ... 1 ... 
Grand Ladrone . 
Grand Uma.... 
Canto n. 


oN 91 54 30 ] 

o 93 5 o 

o 93 j6 O 

o 94 16 o 

p 94 30 o 

o 95 52 ° 

0 97 45 o 

o 96 52 o 

o 97 45 O 

o 98 18 45 

o 98 25 o 

o 99 9 o 

o 99 5a o 


100 25 15 

101 IO o 


100 

50 

0 

104 

0 

0 

106 

35 

0 

IC9 

0 

0 

108 

57 

0 

108 

16 

0 


XV. Islands, Rocks, and Shoals in the 
INDIAN OCEAN. 


Cape St. Mary.... 25 33 o 
StA cgustinsBay 23 35 39 
-a Cape St. Vincent.. 21 46 o 
5 Cape St. Andrew’s. 16 7 o 

*2; Cape St. Sebastian 12 30 O 
Cape St. Ambro.. 12 2 o 
Antongil Bay, ent. 16 o o 
St. Mary’s Island .17 o o 

•§ Foul Point..17 41 o 

js Point Itapare.24 58 30 

Port Daupbin.25 o o 

^ Bnssas de India.... 22 15 O 
= Kuropa Rocks.... 21 28 O 

3 Car. 2 3 0 50' JK. 

^ Sussex Rocks.21 22 o 

5 Bazaruto Islands.. 22 o o 

English Bank.17 42 O 

| Juande Nova I. .. 16 48 o 
5 St. Christopher’s 1 . 17 IO O 

Coffin Island.17 28 O 

Chesterfield Shoal. 16 17 o 

4 Maj’otta.12 49 o 

c Johanna Bav,... 12 17 o 
l Far. i9°3o # // r . 

§ Mohil la.J2 31 o 

^ Comoro...11 33 o 

John Martin** I. .. 10 9 o 
Portuguese Shoals. 12 30 o 
Firtbrass Bank ... 13 IO o 
Aldabra Islands... 9 27 o 

Assumption. 9 33 o 

Cosmolcdo Islands. 9 35 o 
Sandy Islands .... Q 10 o 

Natal Island. 8 30 O 

St. Peter’s Island.. 9 22 o 
The twelve Islands 10 5 o 

Astove Islands.... IO 20 o 


20 46 0 JR 

Providence Island. 

7 w 

9 10 0 

:o 25 0 

Zanzibar I. y S. end 

6 10 0 

43 5 0 

Pemba I„ S. end.. 

4 35 0 

36 16 0 

Amhrante Is.,S.Pt. 

6 20 0 

38 5» 0 

—N. part. 

Mahe Bank, 

5 10 0 

38 1 30 

—N. W. part. 

3 20 0 

37 47 0 

—S. E. part. 

5 35 0 

48 0 0 

Cwrrouse I. 

4 19 0 

0 0 

0 c« 

z $ 

Engle I. 

Sc yc belle ,orMahet 
Kar, io° 20' IK 

5 10 0 
4 38 0 

70 32 0 

Praslin Island .... 

4 12 0 

73 12 0 

Fortune Bauk ..,. 

7 x 5 0 

‘•9 3$ 0 

77 44 0 

Sfmdv Is)nod. 

Nazareth Bank, 

15 10 0 

77 i# 0 

—North part. 

13 30 0 

110 0 0 

—South part. 

16 45 0 

ro5 30 0 

GarHvcfis Slipal.. . . 

10 25 0 

104 49 8 1 

S». BSbo 3 lx 

j16 38 0 

UEaEEM 

Roderigi*s.. . 

19 40 38 


S44 59 o 
43 33 O 
43 40 o 

45 27 O 

49 33 0 

5° 17 o 

50 28 O 

50 25 O 
49 44 37 
47 *4 
47 io o 


42 44 o 
36 22 o 
40 30 o 

42 6 o 

43 50 o 

44 7 o 

44 2 o 


54 40 o 
57 o o 

55 47 o 
55 37 o 
55 35 o 

55 52 o 
57 40 o 
54 55 o 

61 30 o 
60 a o 

56 45 o 

62 50 o 
(\% 11 3c* 
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TABLE XL. 

LATITUDES and LONGITUDES. 



Latitude, j Longitude. 


o $ 0 Oft 

- Miroe Island.... 7 29 o N 93 4f o E 

Little, or North 

Sambelong. 7 15 o 93 50 o 

Nicobar, or Great 

Sambelong, S. end 6 45 o 94 O o 

Noel Islands, 

—Southend.10 41 O 96 24 o 

PuloSeyer. 8 47 o 97 25 o 

French Shoal.... 830 95 27 o 


XVI. Islands, Rocks, and Shoals between 
the INDIAN and PACIFIC OCEANS, 
from Sumatra to New Guinea. 


Diamond Point... 
Point Bang...... 

T anjongr Bou .... 

Lueepara point.. 

Hog’s Point.. 

Flat Point. 

Pulo Prsang ....’. 

a Bexcooli?*. 

Indrapour Point.. 

Padang. \ 

^ Priamao. 

Natal.. .| 

Jlarroos. 

Point Labou. 

Cape Felix. 

Achsn Head .... 


PuloWay, E. Pt. 
Pulo Hondo, midd. 
Pulo Brasse, E.Pt* 
PuloNancy, E. Pt. 
Cocoa Maud .... 
H<-g Island, S. Pt: 
PdloBanjack,N.Pt 
Pulo Nias, S. Point 
PuIoBatoa, E. Pt. 
PuloMiiiton,$. Pt. 
Gi»od Fortune Is., 
—South Point. .. 
Bergland,N.Poii»t 
Nassau Id., S. Pt. 
Trieste Island ... 
F.uganuo Island. 1 

? Pulo Bouton. 

Pulo IVra. 

Pulo Pinang. or 
Pr. ef Wales Id... 
« Pulo Dinding.... 

^ PuhjJhrra.. 

Pulo Varela.| 

Brothers, 

'o'—Northermost... 
c lx»ngArroe, N.cad 
>3 Hound Anroo .... 
Little Carrimou., 
TreoJsland....:. 


97 45 o I 
100 22 o 

104 6 o 
106 1 o 

105 38 o 

104 45 0 
103 33 0 
102 2 25 
100 36 o 
IOO 4 o 


9 * 39 O 


5 3 » 

0 

5 *7 

0 

3 15 

0 

* 15 

0 

2 14 

0 

0 24 

0 

0 3 

0 

0 45 

0 

» 54 

0 

l 24 

0 

3 18 0 

3 47 

0 

5 35 

0 

6 30 

0 

5 46 0 

S *7 

0 

4 17 

0 


95 

33 

0 

95 

13 

0 

95 

11 

0 

95 

13 

b 

95 

52 

0 


97 *5 

0 

90 26 

0 

98 6 

0 

99 0 

0 

99 r« 

0 

99 45 

0 

100 27 

0 

102 30 

0 

99 *4 

0 

99 * 3 ° 

IOO 25 

15 

IOO 43 

0 

100 13 

0 

99 47 

0 

99 57 

0 

IOO 41 

0 

IOO 48 

0 

103 16 

40 


































































Banta /. Entrance oj the China Sea. Anemias Is. Ent. qf China Sea. 


TABLE XL. . 

LATITUDES and LONGITUDES. 


Latitude. Longitude. 


Barn Island..... 

Black Rock. 

St. John's, S. Point 
Bintanp, Hill.... 

Pedro Blanca.... 

Pulo Taiyang ... 
Pulo Tingy .. .. 
Pulo Auro....... 

PuloTimon, N. PL 
Pulo Varelle .... 

North Anauibas.. 
Great Anumbas . 

Pulo Domar. 

South Anambas., 
Saddle Island.... 
Woody, or 
Victory’s Island. 

The White Rock 
North Natuna... 
Gt.Natuua,N.end 
South Natuna ... 

St. Pierre. 

Saddle Island.... 
Camel’s Hump .. 
St, Julian’s Island 
Timbelan’s Is. .. 
St. Esprit Is.U.end 

St. Barhe. 

Direction Island. 
Porto Bello...... 

Carcmata L.Peak 
Souro Id.,N.Point 
Ontario’s Reef.. 
Small Islands ... 
Billiton, N. Point 
—South East Pt 
—South W est Pt. 
Shoal Water Id... 
Vansittart’s Shoal 
Warren Hasting's 

Shoal. 

Caspar Island... 

Tree Rock. 

Middle I. S.W.Pt. 
Salt 1 ., EustPt. . 

Point Pcsant.... 
Songv Booloo ... 
Mount Monopin. 
Mount Perinisan. 
Lalary Point.... 

| East Point.. 

Lucepara Island. 

Pulo Tot^. 

The Seven Island > 
Lingen Id.*, E. Pt. 
Doogcr's Bank .. 

Princes’ Id .Peak 
C aiMt >a, P.-ik.. 


O N 103 
o 103 
O 103 
30 104 

30 104 

o 104 
o 104 
o 104 
o 104 
o 104 

o 106 
o 105 
o 105 
o 106 
o 105 



2 14 o 
I 24 O 
160 
o 45 o 

IOO 

o 37 o 

O 12 O 

O 15 30 
o 58 O J 

1 43 o 

I 38 o 

1 53 o 
a 24 o 

2 31 o 

3 10 o 
340 
3 20 30 
2 11 13 

2 21 30 
2 25 35 
2 27 30 
2 53 o 
2 56 ° 

1 31 P 

1 44 o 
220 

2 36 30 
2 47 3 ° 
135 o 


Pulo Besse, or 
Tamarind Island 
d Pulo Sambonrico 
k Thwart the Way 
co North Island ... 
^ Three Sitters... 
» The Button.... 


c PuloBabee, E. en 
^ South Watcher.. 
North Watcher.. 
Two Brothers, or 

Two Sisters. 

• Jason’s Rock.... 
£ Pulo Racket.... 
« Carimon Java ... 
» Lubec Island.... 
' G rcat Saloinbo .. 
Little Salouibo... 
Arentes. 


Latitude. I Longitude, j 


559 oS 10516 o F.j 


106 57 o 

5 *5 

106 50 o 

107 1 45 
106 54 30 

105 59 o 
105 28 o 
105 12 30 

105 55 ° 

106 o o 
106 48 o 


5 5 ° 0 
5 55 0 
5 38 ° 

5 42 o 
5 49 o 

5 5 ? 30 
5 46 o 
5 4 i 45 
5 *3 39 

5 i° 3 ° 
5 3 ° 0 
610 

5 52 o 

5 49 0 
5 32 o 
5 19 0 


3 12 20 106 JO o 

b 58 o 105 45 o 

1 5 16 105 24 4 

Q 21 O 104 48 o ; 

o 39 oN 105 28 o 1 

6 30 o S105 o o 

600 IOS 22 O , 


Java Head. 6 47 

Anjer Point..... 6 2 
. St. Nicholas Point 5 50 
1 Bantam Poiut... 5 51 

-2 Bantam. 6 6 

Batavia. 6 10 

| Iodermay Point. 6 13 
^ Cape Sandana... 7 39 

East Point. 8 39 

Wcsels Bay .... 8 28 

Turtle Bay. 8 o 

Wiuerow Point.. 7 25 

Madura 1 . NW.Pt 6 48 
— East Point.... 653 
Bally I., S. Poiut 857 
Bally Str., S. ent. 8 45 
Banditti I.S.E.Pt. 8 46 
Loiubock l.,S.Pt. 8 47 


• Lorabock Straits, 

5 —S. entrance ... 8 45 
g Far. i° 30' IF. 
a Allas Str.,S. entr. 8 50 
Sumbawa I.W.pt. 8 49 

■S —East end. 833 

2 Gunongapce, Pk. 8 5 
*2 Straits of Sapy... 8 30 
? Str. ofMangeruy 8 35 
Straits of Flores . 8 42 

^ S<dor Straits. 8 18 

Ombay 1 ..S.K. Pi 8 19 
Su 1 id cl wood Id., 

—West Cape ... 9 42 
■—East Cape .... 9 55 
Savu I., Factory. 10 35 
New L near Savu. 10 47 
Rotto Id., S. end if 17 
Semao Id., S. end 10 25 
Straits of Samoa, 
—West rutrnnee 10 72 


105 25 O 
105 43 o 
105 43 SO 
105 41 36 
105 48 30 

105 48 30 

106 12 O 
id6 42 45 
106 30 30 

106 10 o 
106 21 o 
109 3 o 
no 33 o 
U2 41 30 
114 18 o 

114 35 0 

115 10 o 

104 50 30 

»°5 47 3o 

105 59 o 

106 I o 
106 6 30 
106 51 15 
109 4 o 
114 36 o 
114 40 o 
112 38 o 
100 37 o 
106 5 o 











































Passage, Ceram I, Banda Sea, 


TABLE XL. 

LATITUDES ani> LONGITUDES. 


Timor I., S.W.PL 
—N. E. Point... 

Pulo Bato.. 

Timorlaat^S.Poiut 
Arroe la. 8. cod.. 
Banda Island. ... 
Burning Island.. 
Boot© I., Town •. 
—N. W. and .... 

—South end. 

Ambctka, 

—Port Victoria.. 
G real Xulla,& end 
Xblla MangoL, 

—West end. 

Xolla Bessee, 

tN. B. end. 

little Salwattj. . 
Ceram Laat..... 

Mwe, W. end .. 

Ambay.... 

Raaaket Pt.E.end 


Laaguma. 
point Pale 


Bamkm,. ...... 

Separate t ....... 

. 

., 

Boiiea • •.j 

Mainline. 

Oby Mif or, W.Pt. 
Gomotia........ 

My sole, Vfest Pt. 
Kanary ........ 

PuloPo|>a,NW.e 
.#alwatty ,ft. pi 
—North BastPoint 
-Jelolo Point... 
Patient*. C. Mebo 
—East end...... 

•Passage between; 
Augusta ai 
Pigeon Islen 
Weyogee I. W.Pt. 
—Point F%ot.... 

.Geby id* i Harbor. 
Gillolo I.,N.end. 

/—South oad. 

Mosatay, N. Cape 
—South end..... 

Tecnate Idand... 
Tidore Island.... 

•My© Inland...... 

Salibobo glands, 
middle... r .... 

Glattoa** Bonk... 

Haycock.*.. 

Sanguy I.. N. end 
Siao Island, Peak. 


Latitude. 

0 / 

a 

10 33 

0 S 

8 40 

0 

9 16 

0 

1 . 1 

0 

7 0 

0 

4 3 » 

0 

6 34 

0 

3 

b 

3 7 

0 

3 34 

0 

3 44 

0 

* 5 * 

0 

* 43 

0 

* 0 

9 

3 57 

O 

3 53 

0 

3 «* 

0 

1 *5 

9 

3 U 

.O 

3 6 

O 

2 5a 

9 

3 37 

O 

3 36 

O . 

3 oo 

O 

j>« 

O 

* 57 

O 

2 22 

O 

1 33 

, 0 

* 55 

O 

I 54 

O 

I 44 

O 

? 15 

O 

0 58 

O 

0 50 

o' 

1 2% 30 

0 55 

0 

6 43 

0 

© 37 

0 

0 12 

0 

0 16 

0 

0 8 

30 

2 13 

ON 

0 40* 

0 s 

a 4 © 

oN 

* 5 

0 

0 54 

9 

© 43 

O 

1 15 

0 

3 37 3 © 

J 30 JO 

[» J 6 

© 


MS 

1$ 


13 © 37 

0 

*3* 4© 

0 

X30 0 

© 

1*8 15 

0 

118 20 

0 

M 33 45 


Bijarre I., Peak.. 
Tsgalonda. 


Banka Peak*. 

Monado Pori . *.. | x ay o 

Cape Coffin. I 4» o 

Straits of L»mbe.| z 22 29 
Castioan Bay... 


entrance.,.. .* 

Cape Talhbo. 

Cape Lenses... 
Cambynas I. Pea 
Bontbeetfc.. f .. •. 
Macassar.! .... 
Mandhar point.. • 
Cape William*... 
Pond*point*.... 
Cape Hirers..... 


—§. B. point.... 
N. Token Beesee. 
Salayur I.,N«pomt 
Brill Shoal, 
h Postilfiow, middle 
4 Rottesdahi Island. 
2 LitUePid©L%pt k. 

.. o 



Longitude. 


4 Divalder. 

^ Great Pulo Laut, 
—$0*.U point.... 
/The thrq* Agkel, 
South Watcher .. 
North Watcher.. 


a 13 0 

Q 48 ON 

119 

0 

4 *5 

0 S 

548 

0 

5 10 

0 . 

& 43 

0 

$ * 

0 

6 35 

9 

5 X 

0 

4 48 

9 

4 * 3 . 

.0 

4 *5 

0 

4 ^ 

a 

4 2 

0 

3 35 

0 

0 8 

0 

0 25 

oN 


TJiurPK _, 

XVT7I wi a vim, • # * • # 

UnasangPoint.. 
Kaoeoopn Pointy 
. Passeir Roads ... 
1 Ragged Point.... 
■S Point Salatan.... 

^ Flat Point. 

| Point Samhar.... 
§ Tmgong Laddu... 
*h Sambas Roads... 
Taqtong A pee .. 
Tanjoag Pa to ... 
Borneo. 


Banguey Peak... 
Balambangaa 1 ., 
—North point.,. 

Balabec. 

Palawan, S. point 
—North point.... 1 
Cagayan Sootoo.. | 
Sooloo 1., S. poia 
—Temoutanges.. j 
I —Tulyan.O^.. •. 
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TABLE XL. 


LATITUDES ahd LONGITUDES. 


Places. 

Latitude. 

Longitude. 

Places. 

Latitude. 

Longitude. 

L 

o / 

# 

0 / 

& < 


0 / 


0 / 


Basilari Id., E. pt 

4 34 

oN 

121 58 

0 F 

St Pierre.; 

2 14 

oV\ 

109 15 

oE 

... - - 





Saddle Island.... 

1 24 

0 

107 17 

0 

Mindanao, 





Camel's Hump... 

1 6 

0 

107 2 

0 

—Samboangan. •. 

6 5^ 

0 

121 50 

0 ! 

St Julian’s Islam 

0 45 

0 

106 45 

0 

—Port St Maria. 

7 4 $ 

0 

122 0 

0 

Tiftibelan’s Is..;. 

1 0 

0 

107 35 

0 

—Bauajao Pointy 

9 43 

0- 

125 xo 

0 

St Esprit Islands, 





—C. St Augustine 

6 i 

0 

i »4 47 

0 

—E. end.*. 

0 37 

0 

107 22 

0 

—Mindanao 

6 20 

0 

124 12 

0 

St. Barbe. 

0 11 

0 

» c 7 23 45 

Samar, 





Direction Island. 

0 15 30 

108 15 

0 

—StKspirituSaato 

« 3 * 

0 

i»j »7 

0 

PuloBrala. 

4 45 

0 

103 32 

0 

St Berhardmo 





Great Ridang.... 

6 18 

0 

102 44 

0 

Straits,.. T f ,,, 

I'l i/t An 

T'tA 6 

10 

Pulo Coron. 

$ 47 

0 


.0 

4 Mindoro, 


t 



Puto Way ..... 

16 0 

0 

103 47 

0 

| —Calamite point. 

13 *r 

0 

120 14 

0 

Palo Paqjang.... 

9 10 

0 

IO3 21 

0 

7; 6o*> U]>nH t ... 

C.1 cc 

0 

120 2 

0 

Pulo Ouby 

8 30 

0 

T04 O 

0 

7 ! Mirabello Shoal.. 

14 40 

0 

119 30 

0 

Toro Brothers.... 

8 33 

0 

106 9 

0 

•5 Marsingola Shoal. 

14 12 

0 

no 16 

0 

Pulo Condom.... 

8 4048 

I06 42 

54 

£ Boliano Shoal.... 

16 it 

3 ° 

119 42 xo 

Pulo Sapata.... 

10 2 

20 

roo 10 

0 

*2 Lucoma, 





Po. Cecir do Mar 

10 30 

0 

108 30 

0 

—A (bay Volcano 

13 44 IS 

1*3 34 58 

De Breto's Reef.. 

10 42 

0 

IO7 23 

0 

—Manilla . . 

14 

* 

120 SI 30 

Holland's Bank.. 

10 41 

0 

icH 20 

0 

—Subic......... 

*5 5 

0 

120 O 

0 

Po.Cecir da Terra 

a 11 

0 

108 12 

0 

—Capones Poiot. 

14 55 

0 

H 9 52 30 

The threeBrothers 

10 40 

0 

109 12 

0 

—Boliaiio Point. 

16 tS 

0 

120 12 

0 

Andrade Stone... 

9 54 

0 

109 54 

0 

—Cape Bgjadort. 

IS 27 15 

120 25 IS 

Cambridge bland 

10 48 

0 

no 0 

0 

—Cape Enganno. 

>6 37 

•0 

|I21 7 

0 

Luconia's Shoals, 





—C. StUldefonto 

id 23 

5 

|I2I 26 20 

—Hard Rocks... 

5 24 

0 

iPi 30 

0 

—Port Sisiran ... 

14 20 

0 

i »3 40 

0 

—Two fath. Shorn! 

5 5 

0 

1F2 24 

0 

Camigudn Island, 


■ 


—Dry Sand. 

4 5 ? 

0 

iis 30 

O 

—Volcaho. 

18.54 

© 

III 43 

10 

Sea Horse’s Reef. 

* 35 

0 

112 28 

0 

— - 





Euphrates’ Shoals 

5 3 ^ 

0 

*13 24 

0 

Bashee Is.,N.iDoat 

21 II 

0 

III 49 

0 

Kirton’s Shohls.. 

5 39 

0 

113 15 

0 

Bottel Tobago 





Marino's Shodls.. 

5 54 

0 

114 l8 

0 

Xima. 

22 4 

b 

121 41 

0 

Loaisa’s Breakers 

6 14 

0 

11 } 17 

0 

Vele Rete Rock.. 

21 42 

0 

120 JO 

0 

Barton’s Shoals.. 

A 55 

0 

fid 0 

0 

Formosa I., 6. end 

24 3 

0 

120 48 

0 

ILCharlotte'sRks. 

6 57 

0 

113 40 

0 

—Tayoati. 

n 3} 

e 

120 22 

0 

Counsel's Shoal.. 

7 52 

0 

III 32 

0 

—North End.... 

25 2K 

0 

III 56 

0 

, Vipers Bank «... 

7 24 

0 

no 50 

0 






\ —Ditto.. 

t Walpole’s Rbcks. 

7 3 ° 
7 50 

0 

0 

115 7 

114 30 

0 

0 

XVII* Islands^ Rocks, and Shoals in the . 

Vipers Breakers.. 

8 0 

0 

115 15 

0 

■ 





Pr. of W ales’B&nk 

8 4 

0 

tro 30 

0 

1 CHINA SEA. 



Marino’s Shoal .. 

83* 

0 

114 21 

0 






Counsel’s Shoal. . 

8 54 

0 

114 15 

O 






Sea-Horse’s Break. 

8 47 

0 

n6 44 

0 

Pulo Tanjang .... 

I 6 

ON 

104 51 

oE 

—Ditto . 

|S 7 

0 

irfr 54 

0 

Pulo Tingy ... . .. 

2 21 

0 

104 20 

0 

G os said’s Reef... 

8 58 

0 

no 40 

0 

Pulo Auro. 

2 30 

0 

104 35 

0 

Ganges Breakers. 

9 22 

a 

114 n 

O 

Pulo Timon, N.pt 

3 0 

0 

104 25 

0 

Marino’s Black 





Pula Varelle .... 

3 15 

0 

104 5 

0 

Rocks. 

9 39 

0 

IT 4 58 

0 

..... 





Hardwike’sBreaks 

9 54 

0 

f 12 O 

0 

^ North Anambas.. 

3 55 

0 

106 3 

0 

- Ditto. 

10 2 

0 

III 5 6 

6 

^ Great Auambas. . 

3 2 

0 

105 50 

0 

Dolphin’s Reef... 

9 59 

0 

III 56 

0 

J Pulo Domar. 

2 49 

0 

105 20 

0 


10 8 

0 

112 15 

O 

§ South Anambas.. 

2 19 

0 

10613 

0 

- G t Reef. 

ro 7 

0 

III 9 

O 

=: Saddle Island *. . . 

2 25 

0 

105 37 

0 

- Long Id. 

10 17 

0 

«* 35 

O 

^ Woody Island... 

1 35 

0 

106 18 

0 

—Breakers 

10 22 

0 

III 11 

O 

— 





-- —First id.. 

35 

0 

112 38 

O 

The White Rock. 

2 xo 

0 

105 3 i 

45 

- —Ledge. .. 

10 40 

0 

ill 47 

O 

North Natuna.... 

4 54 

0 

108 4 

0 

- -Breakers 

10 46 

0 

Hi 47 

O 

Gt Natuna,N.end 

« 

0 

108 14 

0 


11 10 

0 

ill 54 

O 

South Natuna.... 

2 54 

0 

'°8 S 3 

0 

Digitized by VjOO 

5 Ie 


















































of China . 


TABLE XL. *35 

LATITUDES add LONGITUDES. 


Places. 


BB 9 ! 


a 

a 

m 

0 / 

m 

Marino's Bank... 

10 

18 

oN 

115 7 

0 E 

R. Charlotte’s Sds. 

10 

47 

0 

114 49 

.Q 

Marino’s White S. 

10 

48 

0 

115 ij 

0 

-Low Black 1 . 

11 

1 

0 

xi 5 17 

0 

Sc a Horse’s Bank, 

10 

57 

0 

i »7 Si 

0 

Fal mouths Low I. 

10 

5 « 

0 

112 12 

0 

Essex Low Island 

11 

2 

0 

III 40 

0 

Bacon’s Island... 

11 

II 

b 

113 8 

0 

Gossard’s Bank.. 

11 

*4 

0 

114 12 

0 

Falmouth’s Bank. 

11 

*5 

0 

114 15 

0 

Sabut Jungs Low I. 

11 

3 * 

0 

113 29 

0 

- Bank. 

11 

34 

0 

1 X 3 51 

0 

Gasper Shoals ... 

11 

# 

0 

XI 3 51 

0 

Sou.SeaCastle sSh. 

11 

48 

0 

112 3 X 

0 

RoyalCaptai ns Sh. 

*5 

8 

0 

117 41 

0 

Mira be Ho Shoal.. 

14 

40 

0 

119 30 

0 

Marsingola SboaL 

15 

13 

0 

119 16 

p 

Boliono Shoal.... 

16 

28 30 

119 42 

10 

Scarboro* Shoal, 






-N. E.end. 

*5 

12 40 

117 47 

0 

-—S.W.end. 

15 

4 

0 

117 37 

0 

MacclesfieldShoal 

15 

45 

0 

1 14 39 

0 

-N. E. side 

16 

2 

0 

114 4 * 

0 

-S. W. side 

15 

28 

0 

114 36 

0 

Lincoln’s Sounds. 

16 

14. 

0 

112 56 

0 

Pyramid Rock.. 

16 

3 ° 

0 

11* 47 

0 

Lincoln’s Low Id.. 

16 

35 

0 

H2 52 

0 

SandwichBreakrs. 

n 

4 

0 

XI2 24 

0 

Ampbitrite, or 






Triangles. 

16 

54 

0 

112 15 

0 

Grosvenor*s Bank 

19 

7 

0 

112 17 

0 

St. Esprit’s Bank. 

19 

33 

0 

113 0 

0 

Pedra Branca.... 

22 

16 

0 

115 22 

57 

Pratas, N E. side 

20 

5 i 

0 

Il6 50 

0 

—S. W. side_ 

20 

l8 

0 

1 16 40 

0 

Paracels, N. part 

16 

3 ° 

0 

no 30 

0 

—South part .... 

11 

20 

0 

no 0 

0 

Hainan Island, 






—North part.... 

20 

2 

0 

no 15 

0 

—South part.... 

18 

12 

0 

109 20 

0 

XVIII. The Coast and adjacent Islands 1 

1 from CANTON to CAPE NORTH. 



Canton 

Macoa. 

Grand Ladrone .. 

Grand Lema. 

Pedra Branca.... 
Tobaotcheou ,... 

Siuentcheou. 

Ouentcheou fou.. 
C Montague.... 
§ Chusan Entrance. 

|<3 Ningpo. 

Yang-tse- 

klaog-ho. 

Narkin'..:. 

E»it> to Yetlo^ R,J 
Hoiflgaa FOo,... 


23 7 8 N 
22 12 21 

113 12 4 E 

Tanaoriina, S.end 

113 37 26 

•. Gotto Is., S. end. 

22 0 0 

113 50 0 

* Asses Kars.. . 

22 4 6 

114 18 0 

Kuisiu I., S. end. 

22 16 0 i 

115 22 57 

» — K ok ura....... 

2t ^ b 

116 26 0 

J©>—Nangasuki .... 


118 4 ^ P 

*3 Niphon I.S.W.end 
| —C. Notn. 

28 5 0 

120 35 0 

29 14 0 

121 45 0 

5 —Jpotri sima^.. „■ 

29 4 * 9 

X 2 t 54 p 

—C. Sangaar.... 

3 ° *3 0 

121 6 0 

—C. Nambit.,,.. 
—Table Island... 

3 *, 5 6 

4 40 

120, 37 0 

—C. Kcnnis. 

118 47 4 

—White Point... 

34 , -h O . 
' 33 . M 4 ° 1 

120 0 0 

. DiirtSP/Googl 

118 49 30 

Fatsisio Island,.. 


Places. 


Stauntons Island. 
Cape Gower... 

. Har. of Ki-san- sou 

| Tontchoo-fou(Str. 

g of Mietau).... 
u Sa lou-poo-tien .. 

PEKIN. 

C. Clouard. 

^ Sanpou.. 

Kingbing. 

« Ternai Bay. 

fc SulTren Bay. 

^ C. Lesseps...... 

Castries Bay. 

Vaiyuas Point... 

Ochotsk. 

Yaqjsk. 

Bolcheretsk. 

C. Lopatka. 

St. Peter &St.PaulJ 

Nisjui Kamt- 

chatska. 

East Cape. 

Cape North.... 


Formosa I.,S. end| 

—Tayoan. 

—North end. 

VeleRete Rock.. 
Bottel Tobago 

Xima. 

Kumi Island. 

Hoapinsu Island. 
Tiaou su Island.. 
Taypingshan, 

—N. E. end,.... 
Parshongsban, 

—S. W. end. 

Lekeyo I., N. end| 
—Napakiau Hr... 
Quelpert I., S. Pt. 
Teas I., (Straits of] 

Corea). 

Dageltt Island.. 

Pinacles Inlands 


Latitude. Longitude. 


S n 

57 « N | 

o o 

38 p 

50 o 
55 0 
54 13 

5 o 
44 
10 

*3 

51 

39 
*9 

7 


20 10 
46 o 
54 30 
o o 
O 37 

16 o 
5 30 
56 o 


3 ° 
35 ° 

2 & O 

42 o 


4 o 
33 © 
44 o 
55 © 


24 3° o 


41 

5*. 

o 

14 

24 

45 

43 

10 

8 

4 « 

4 « 

5 * 

24 

36 

5 i 

30 

5 ° 

34 

10 

21 

29 

13 


0/0 
122 15 oE| 

122 20 O 
121 23 O 


120 36 O 
118 43 0 
116 27 30 

130 o o 
129 13 

131 24 

137 39 
139 45 
141 30 
141 59 
14* 4« 

143 12 3° 

154 3® o 
156 56 40 
156 42 30 
158 44 3° 


162 o o 
169 44 o 
179 XX 30 

120 48 O 

120 22 O 

121 56 O 
120 50 O 


121 41 
123 l6 

1*3 34 
x *3 47 


125 6 o 


1*4 9 
1*8 45 

128 37 
126 35 

130 o 

131 22 

* 3 * 5 
13* *4 
130 10 

129 46 

13 * 35 

13 * x§ 

130 42 

132 10 
137 54 
m 4 ® 

140 40 

14* 30 

142 o 

141 3 ® 

I 4 P 46 
140 o 
140 X2 

















































hoka, or Sachalin. 


TABLE XU 

LATITUDES a*b LONGITUDES. 



Jesso I., CJ 2 uroen < 
—Mari* berg 
(Can. du Pic).. 4 
—Pic de Langte 
(P* rouse Str.) . 


4 0NI143 18 0 
146 40 O 
142 17 o 


C. Crillon.< 

Monneron Island. 
B. de Langle.... 

B. d’Estaing..... 
Mon gee Pealr.... 
Martiniere Peak . 
Boutin Point.... 
Ere Kagean, 
—North East Pt.. 

t C. Patience. 

’ C. Aniwa.. 

8 taten L,$.W.end 
—C. Vries, (Vries 

Straits). 

Company’s I., 

—C. Sohouten... 

—North end. 

Kurule Islands, 

—Marikan. N.end 
—S. end (Bousola 

Straits).I 

Shoom Island... 
Beerings Island. /* 
Clerks island... [ 
8 t. Lawrence’s I.. 
Anderson’s Island 


XIX- The Coast of NEW HOLLAND 
and adjacent Islands. 


South west Cape 

Mew Stone. 

South Cape.... ,• 

Eddystone. 

Tasmans Head.. 
Frederick Henry 


Gape PHlar.... 
Oyster Bay.... 
F*r.e> 48'A. 
g St. Patrick's He 
£ Cape Portland. 
Port Dairy m pie 
Hunter’s Isles.. 

Entr. to Banks 1 


40 34 O 


9 V o 
9 100 


22 14 

0 

21 47 

0 

21 O 

0 

to 32 

0 

WWlm 

0 

19 10 

0 

ii 16 

0 


Wilson's Promon. 38 56 o S 

Ram Head.37 39 o 

Cape Howe.37 3 * *5 

Cape Dromedary. ■ 

Botany Bay entr. * 

Port Jackson entr.: 

Broken Bay. 

Port Stephens.... 

C. Hawke.; 

Smoaky Cape.... 

Caj>e Byron. 

Point Danger.... 

< Cape Morton.... 

Sandy Point. 

'< C. Capricorn .... 

§ Keppel Bay. 

< C. Townsend.... 12 14 o 
C. Palmerston ... 21 17 o 
C. Hillsborough .. 21 o o 

C. Conway.20 32 O 

C. Gloucester.... 

C. Cleveland.... 

C. Sandwich. 

C. Grafton. 

C. Flattery. 

C. York. 

New Year's Island 
Vandieman’s Land 
North West Cape 
Dirk Hartng’sRd., 

Entr. to Shark’s B. 

Houtmans Shoals, 

—West end. 

Rottenest Island. 

C Chatham. 

C. Howe. 

K. Geo. III. Harb. 

Point Hood...... 

Termination .. 


XX. Islands, Rocks, and Shoals la the 
NORTH PACIFIC OCEAN. 


Cbrks Islands ... 

Gores I. C. Upright 
Bherings I., N. Pt. 

Copper I., S. Pt.. 
Aleootskia Is., 

—Westernmost.... 

—Oonalaska ....153 54 49 
Rica de Plata... .|33 50 o 

Rica de Ore. 

Colunas. 

St. Juan. 

8u)phur Island... 

North Island..... 

Grampus Islands. 

Lobos Islands.... 

, L de Sebmtian 
Eobes........ 

Jardmet. 
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TABLE XL. 

LATITUDES and LONGITUDES 


Latitude. I Longitude. 


Latitude. I Longitude. 


S Urracas. 

Assumption Island 

•R Tinian.. 

^ Guam. 

Johannes. 

St. Andrews Is... 

Pula Anna. 

Palo Marie re .... i 4 24 
Lord North’s I... .1 3 n 
Dangerous Shoal.1 2 47 
Freewill, or 
St. David's Is.... 


Felew Islands, 

—Bablethoup... 
—Northermost.. 
—•-Southermost.. 

Matelotes. 

Yap.. 

Philip Islands... 
Thirteen Islands. 
Haweis Island.. 
Brown's Range . 
Pescadores.. i.. 
Muskitto Groupe 
Chatham Island. 


Mulgrave's Island 5 54 
Pitt Island. 3 u 


St. Bartholomew. 

Wake's Island... 0 o 

Lamhra, West Pt.. 20 24 o 

Gasper Rico.15 12 o 

Wake's Rocks... 

St. Pierre. 

Barbados.. 

Necker Island... 23 34 o 
Fre uch Frigate Bk. 23 45 o 

Owhyhee, 

—Karakakoa Bay to 28 
Mowee, W. end.. 

Tahoerowa. 

Ranai. 

MorD toi.pi 10 o 

Woahoo ...|2i 40 30 

At04i,WhymeaB.ki 57 o 
Oneeheow...... 

Birds Isfenf. 


Chnttmns, or 
Noel Island..... 
Shelvoes Island. 
Bocoro U f miMk. 
Fv.f R. 


146 

15 

0 £ 

*45 

55 

0 

145 

55 

30 

|«4J 

10 

0 

131 

30 

0 

*3* 

*4 

0 

,*3* 

3 

30 


*5 

0 

130 

16 

0 

*34 

5 

0 

134 

3* 

0 

*34 

46 

0 

134 

45 

0 

*34 

20 

0 

*37 

18 

0 

I3» 

48 

45 

140 

3 

0 

144 

21 

0 

146 

28 

0 

161 

4a 

0 

167 

20 

20 

168 

8 

O 

171 

20 

O 

*7* 

39 

O 

174 

1 

3° 

O 

1**3 

48 

O 

I166 

46 

O 

166 

4» 

O 

171 

18 

0 

*73 

45 

0 


Culpepper’s Island 
Wenmau'8 Island 
Redondo Rock... 
Abington Island, 
p —Cape Ibetson.. 

| Far . 8° 40* E. 

Albemarle Island, 

—Cape Berkley.. 
—Christophers Pt. o 50 
I* James I., Harbor, o 12 
« Charles I., S. Pt.. 1 30 
^ Chatham Island, 

—North East Pt.. o 45 
—Stephens Bay., o u 
Far. & ict E. 


XXI. Islands, Rocks, and Shoals in the 
SOUTH PACIFIC OCEAN. 


0 50 

0 

0 12 

0 

* 30 

0 

0 45 

0 

0 53 

0 


O / M 

91 58 

9144 o 

91 34 ° 
90 43 So 


9* 3i 3® 
91 *5 o 
9° 4i 3° 
90 33 o 


*3* 5 » 

0 

*37 *8 

O 

147 58 

0 

*49 * 

0 

140 0 

0 

*40 39 

0 

*43 0 

0 

*54 40 

0 

*37 48 

0 

*43 *> 

0 

*43 7 

0 

*45 * 

0 



























































TABLE XL. 

LATITUDES axd LONGITUDES. 


g Beflona Island.. 
9 Bellona SboaL.. 
? Port Praslin.... 
I Gower Island... 


Shank's Island.. 
Duff's Groupe,. 
Egmont Isle, 
-—Cape Byron.. 
Cherry Island... 


Bay St. Philip and 


Lepers Island... 
Maskelynes L.. 
Mallicolo, 


Aurora , 


Whitsuntide L. 


Paoom. 
Apee .. 


Erromango, 
—Traitors H 
Tauna, 


Bampton Shoal, 
—North end..., 


C. Coronatiou.... 
Queen Charlotte's 


Pr. of Wales Fore¬ 
land.. .. 4 .,... 


Latitude. 

Longitude. 

0 / a 

0 / * 

II O 0 S 

162 18 oE 

II 6 O 

•59 37 0 

ia 5 0 

159 48 O 

7 30 0 

157 5 1 0 

8 lO 

•59 S3 0 

8 24 0 

I63 O O 

514 0 

•59 37 0 

0 18 0 

163 0 0 

10 0 0 

166 50 0 

10 43 © 

166 9 0 

11 31 0 

169 39 0 

11 46 0 

169 57 0 

12 8 0 

172 0 0 

13 27 0 

167 24 0 

14 39 3° 

166 47 0 

15 10 © 

167 5 0 

14 5 6 8 

167 20 0 

15 *3 3© 

•67 58 15 

16 32 0 

167 59 15 

16 25 00 

•67 54 0 

IS 40 45 

160 57 0 

15 4^ © 

167 17 30 

15 8 0 

168 17 © 

15 '3» 0 

167 7 0 

15 44 a© 

(68 20 15 

16 9 30 

r68 12 30 

16 30 0 

168 28 45 

16 46 15 

168 27 30 

16 58 0 

168 42 0 

17 I4.I5 

168 38 IS 

17 25 © 

168 38 0 

17 41 © 

168 33 0 

18 43 3© 

169 20 30 

19 3^ 15 

169 41 0 

19 3 6 © 

170 15 0 

20 JO O 

170 4 © 

22 40 O 

169 15 0 

l8 54 O 

158 30 O 

19 7 0 

159 48 0 

19 0 p 

159 3 0 

20 7 0 

164 22 O 

20 18 0 

164 41 U 1 

20 30 0 

164 56 0 

aa 5 0 

167 8 0 

aa 15 0 

167 12 45 

2a 38 0 

167 38 0 

22 26 40 

167.16 45 

aa as d 

166 5a 0 

ao 54 0 , 

166 30 0 




Middleton’sShoals 29 IB o 
Lord Howe's I.... 31 30 o 
Norfolk Island ... 29 I 45 

North Cape.34 27 0 

Cape Bren.35 10 0 

Cape Colville.... 30 04 45 
Mercury Bay.... 36 48 o 

Cape East..37 44 *5 

Tolaga Bay.38 22 o 

Table Cape.39 6 40 

Cape Kidnappers. 39 42 45 
Cape Tumagain.. 40 3a 30 
Bank's I., E. end. 43 43 0 
Cape Saunders... 45 37 45 
Molineaux Harbor 46 8 O 

The Snares.48 3 0 

^ Cape South.47 5° 

N South West Bar.. 46 30 o 

-g Solanders Island.. 46 28 © 

5; West Cape.45 56 15 

Dusky Bay. 45 45 3^ 

Open Bay. 43 5 1 0 

Cape Foul weather 41 58 o 
Cape Farewell... 40 40 o 
Queen Charlotte's 

nd.41 5 57 

Cape Campbell .. 41 34 o 

Cape Paliser.41 24 © 

Cape Egmont.... 39 23 20 
Gannet Island.. 


Bounty Isles.... 
Chatham Island, 
—Cape Young.. 
Macauley Island 
Sunday Island .. 


Rotumah Island.. |i 2 30 
Solitary Island. ■ Jio 40 
D. of Clarence's I. 

D. of York’s I. .. 

Quires Island.... 

Jesus Island. 

St. Bernard's I... 10 57 
Wallis's Island... 13 30 
Forlorn Hope.... 14 16 
Proby Island .... 16 o 
Keppel's Island.. 
Bosoawen’* I taadj 15 50 
Navigators Is., 

—Opoun, E. Pt.. 74 9 
—Leone, S. Pt... 14 7 
—Tanfbue, E. Pt^XA 5 
—Mamma, 

Massacre Cove. 

—Oyolava, E. P 


Pola, N4E 


47 35 

0 

43 48 0 

30 8 0 

29 ia 

0 

25 40 

0 

ia 30 

0 

10 4© 

0 


10 5* 

O 

13 3© 

O 

14 16 

Q 

16 t> 

O 


0 

•5-Sp 

O 

14 9 10 
•4 7 S3 
1 * 5 *3 



























































TABLE XL 


LATITUDES and LONGITUDES. 



Amargura.18 

Vavaoo, 

—Port Refuge... 18 

.2 Lati Island.18 

| Savage Island.... 19 

^ Toofoa.19 

^ Hapae, North Pt. 19 
^ Aimamooka, or 
£ Rotterdam Island. 20 
5; Tongotaboo, or 
Amsterdam Island 21 

Eoaa.....21 

Pylstaarts Island. 2a 


o o S 174 35 o 


50 O 174 D O 

54 o 174 48 o 

a 15 169 30 30 

51 o 175 6 o 

48 o 174 5 0 


Palmerston Itlaifc 
Whylootack.... 
Harvey’s [sited. 
Wateoo Island.. 
Mangeea Island. 


118 o 30 

18 58 o 

19 17 O 

20 1 30 
M 56 45 


Scilly Island.... 

Lord Howes I.. • 
Marua Island... 

. Bolaboia Island.. 
-3 Ulietea........ 

J Huaheine, 

5 —Owharre Bay. 
2»SirCh. Sanders’ I, 
•JS Emao. 


16 30 o 
16 46 30 
16 25 40 
16 3a 30 

16 45 35 


° Tetburoa.. 
Otabeite, 


16 4a 45 

17 25 o 
17 30 o 
17 1 o 


—Point Venus... 
—Otooareite... 
Osuaburg, or 
Miatea. 


17 09 17 
17 5 5 o 


17 5a ao 


Pr. of Wales^s I., 
—North Point... 
Recreation Island 
Palliser’s Island.. 

Chain Island. 

Gloucester Island 
Ohetiroa........ 

Tnobouai.... 

High Island. 

Byron's Islands, 
—Taoukaa Island. 
Disappointment 

Islands.... 

Adventure Islaod. 
Furneaux Island*. 
Resolution Island. 


14 58 O 

15 5* ° 
IS 3 & *5 
17 as 30 

20 31 O 

22 26 36 

23 25 O 
23 4a o 


14 7 o 
17 10 o 
17 II o 

*7 23 30 


^Bow Island. 

Pr. Henry’s Island 
£ Cumberland 1.... 
^ Gloucester Island 
Q. Charlotte’sI... 
fc Whitsunday I..*, 
g Lagoon Island... 




19 o o 
19 18 o 
19 11 o 
19 18 o 
19 26 o 
1848 o 


Osnabatg Island . aa 8 o S 140 37 

Blight Lagoon 1.. ai 43 O 140 30 

Carysfoot Island. ai o o 138 26 O 

Lord Hood's I.... 21 42 O 135 3a O 

Gambler's Island, aa 50 o 135 b o 

Crescent.23 10 o 134 29 o 

Pitcairn’s Island . 25 13 O 133 25 O 

St. Juan Baptista. 25 57 0 137 56 o 

Oparo...27 36 o 144 11 15 


175 I 50 

174 30 o 

175 49 3° 


163 ia o 
159 48 o 

158 56 20 
158 14 3° 
158 3 o 


155 *° 0 

154 6 4° 
152 32 40 
15* 52 o 
151 3* 0 


Roberts’ Island.. 8 3 o 
Nooalicevah L... 8 57 o 
Rooahoogah..... 9 x> o 
Hood's Island.... 9 26 o 

Rooapooh. 9 30 o 

I. Far. 4 ° 24* 

Ohevahoa. 9 40 4b 

St. Christiana, 

—Resolution Bay 9 55 30 
Onateaya....... 9 58 O 

Magdalena...... 10 2$ 30 


140 30 o 

139 54 O 
130 ay o 
138 5a o 

140 o o 


139 8 40 
138 51 o 
138 49 • 


15* 9 o 
150 58 o 
150 10 o 
149 3 6 0 


Penrhyn’s Island. 9 xa o 
Dncle’s Island... 24 40 O 
Easter Island.... 27 6 30 

Felix.26 14 ao 

Far. ia° 10'S. 

Ambrose.26 17-40 

Massafnero.33 45 o 

Juan Fernandez 


1 Ess 


157 43 o 
124 37 © 
109 46 45 
79 24 O 


80 22 O 


*49 35 45 

149 12 o 


XXII. The WEST COAST of AMERICA. 


147 5° o 

148 48 o 
146 30 15 
i45 3© 0 
145 54 o 
150 48 45 

149 20 30 
148 3 o 


*4 3° 3° *45 9 3° 


141 22 o 
144 30 o 
143 6 40 
*4* 45 0 


*42 43 24 

140 43 o 

141 aa o 
140 5a o 
140 20 o 
138 ao o 
138 ia o 
*38 33 • 



55 5 8 3° 3 67 26 oW 
68 48 o 


69 18 o 
69 50 o 

7i 6 45 
71 42 o 
73 *5 o 

73 35 0 

74 54 o 
74 56 o 


4* 53 © 


75 46 o 
75 27 o 
75 28 o 
74 3 30 
74 19 30 
73 50 o 


41 5 o 
41 o 
3» 22 30 
37 * 0 


33 3° © 
33 1 29 


74 5 0 
73 22 o, 
73 59 o 
73 35 45 
73 © o 

70 56 o 

71 52 26 
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TABLE XL. 


LATITUDES anb LONGITUDES. 


Places* 


L a ti tud e . 1 Longitude, 


Places. 


Latitude. 


(Loagitude. 


Coquimbo.... 
Cbamaral Point. 
Copiapo.....» 
Blanca Island.... 
Motto Moreno... 
Solitary Uland 
I. da lquiqu&. 
Arina........ 

X»©. 

p Monro de Nosca.. 
> Pise#...,.. M 

... 

«■ Callao. 

3 St. Martin’sk ... 
Tnarillo,....... 

Lobosde Mer.. . 
Lobos do Tiewe. 
Punta de Auxo... 

Paifta.. 

C. Blaneo... • 
Batisoa Point....{ 
Guayaquil..... 
Pt. St Helena.. 
£. daLoranza... 
9 C, Passao.... 

S Quito. 

5 C. St. Franrisco,. 

Esmeralda*. 

Tunaco Islands. 
C. Coraates.... 
Pa itawta ...... 

Santos.... 

C. Marietta..... 
Malpclo Island*. 

| Quibo LyS.E.Capej 
r *,Point Buraia... 


& 


C. Blanco. 


5 V/. ... 

ml Pt. St. Cathedne. 

Lean... 

® Point Qetimata .. 13 54 
o' Pnorto Yentasa.. ia & 

3 Aguolco.1* a 

|S Acapulco.1* 55. 

Ir * C. Cerrentes.20 31 

St. Bias.. 21 3a 

Tres Marias.21 28 

St. Josephs..... 23 3. 

C. St. Lucar.22 44 

Motto Hennaza.. 27 46 
Redon da Island .. 29 49 
Bay St. Franoiscono 23. 

B, TodosSkntos.. 31 56 

Pori Dtaga.32 4a 

Point Conception. 34 32 

§ Monterry.36 36 

1(2 Port St, Francisco 37 48 

C. Mendocino... 40 19 
i Port Trinidad.... 41 3 

\$V*r.i(fdE. ^ 

C. Blanco,or 
Orfofd. 


C. 


Gregory. 


1*9 54 
1*4 50 
27 10 
*4 57 
|*3 *9 
2a 38 
20 7 
18 26 
17 36 
15 « 
13 45 
ia 1 
12 l 
u 6 

* n 

7 3 

* 30 

* 5 

5 *3 

4 *4 

3 44 

2 18 

% XI 

I I* 

o 30 

o 18 

033 

0 45 

*43 

5 ™ 

8 56 

7 5Q 

0 55 

14 
58 

Q 

15 
24 


4 
6 
8 

9 

10 

11 50 


26 S| 
o 
o 
o 
o 
0 
o 

34 

X5 

o 

0 

15 

53 

a 

o 

o 

o 

o 

a 

Q 

0 

O 

o 

0 

o 

o 

ON] 

o 

o 

0 

o 

Q 

o 

o 

o 

o 

o 

o 

30 

o 

o 

o 

o 

o 

o 

o 

4* 

o 

o 

o 

o 

o 

30 

o 

20 

30 

o 

o 


7* 

71 

71 

70 

70 

70 

70 

70 

71 

n 

7* 

l 

80 

81 

80 

81 
4o 

B 

80 

80 

h 7 * 

79 

]l 

77 

B 

8r 

80 

81 
83 
*5 
86 
87 

9° 

V 

96 

ICO 

105 
1104 

106 
109 
109 
l«4 
**5 
*15 

M 

116 

120 

121 
122 
1*4 
i *3 


/ 0 

24 ©w| 
38 0 
o 
45 
4X 
34 
*7 

II 

13 
31 

10 
49 


|4* 5* 
43 *9 


a 
o 
o 
o 
o 
0 
o 
o 

31 O 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
e 
o 
o 
o 
o 
o 
© 
o 
© 
o 
o 
o 


51 
41 
44 
8 

57 
10 

3 * 

43 

5 

*4 
18 

56 
30 
41 
*9 
30 
41 

7 

37 

57 

til 

21 

9 

53 

22 

5* 

54 

35 
46 
29 
4* 30 
54 o 
4f O 

10 © 

36 o 
22 0 

*5 
o 

34 15 
7 3© 
7 © 
54 o 


s l 


C. Perpetoa. 

C. Foulwoather.. 

C. Lookout. 

C. Disappointment 
For. 20° o* E* 

G ray’s Harbour.. 
Point GrenviUe.. 
C. Flattery. 


Port St. Juan. 

^ Noatka Sound. 

C WaodyPoint. 

gC. Scott. 

| Scott's,orSartine’g 

5 Islands. 

^ Point Chatham 
Pta.de Gonzalo«»| 

C. Caution .. v 
C. Swaine. 


44 I* ON 

44 49 © 

45 3* © 
|4* >9 O 

47 © o 

47 ** © 

48 23 30 

48 34 © 

49 34 *© 

50 6 o 
JO 4* O 

jo ji o 

[JO V 


55 

36 o 


oWl 


C. Ibbetsan 
Brown’s Passage. 
C. de Cbacon 
C. de Mason. 


C. St James; or 
Ly Hector.. 

5 C. Homy. 

3 Point Back. 

§ Point Hunter.... 

6 Lpnfava, or 

North Island. 

Point Imbisible,. 

Forresters', or 
St. Carlos I.,N.Pt. 
Point Bucarcku.. 
C. Addington. 

C. Pole. 

C. Derision ..... 
Hnsy islands.... 
C. Otnmaaey.... 
Norfolk Sound, 

*— C. Edgecombe. 

C. Cross... 

Par. 30 5 & E, 

C. Spencer. 

C.Pairweathcr... 
Port dos Francois.] 
Beeringhs Bay.. 
Admiralty Bay, 

—Point Phipps . 

Point Riou. 

Mt. St Elios.... 

C. Suckling.. 

C. Hammond..., 
PrWil Hams Sou nd, 
—C.Hincbiubroke 
—Port Chalmers. 


54 *° 
|54 1* 


5i 57 3© 
5* S3 © 
|53 i° 0 
53 19 © 


124 25 o 
124 9 o 


Far, 


57 

57 

58 
54 

58 

|59 

59 

59 

60 
60 

59 

t 


53 © 
12 o 
26 30 
58 o 

2 O 

54 © 
10 o 

2 o 

55 3© 

*3 © 
5 © 5 ° 
37 © 

9 • 

33 © 
54 © 
** 3 © 

1 o 
48 30 

id 30 
16 o 


*23 
4*3 49 
**3 54 


PI 


**3 53 © 
1*4 i 30 
114 ** O 

1*4 B o 

126 28 30 

127 43 © 
[128 20 O 

129 o o 
4*5 15 © 
122 53 o 


51 12 o 

„ 5213 © 

Calamity Harbour 53 10 30 

54 4 © 

54 *© © 

54 43 O 

54 4* O 


i la 2 51 

(128 20 
>*P 34 
13 © 1© 
f*3© 3* 
13* 45 
132 3© 


H3* * © 
132 26 jo 
132 40 o 
13* 47 © 

*33 1* 3© 
*31 3© © 


159 54 3© 


133 A* 
[*33 *5 
|*33 37 
*33 33 
f*33 5* 
f*.14 18 
*34 *3 

*35 34 

136 17 

13* *4 
*37 55 
*37 45 
138 *4 

*39 54 

14! 3© 

141 o 
•4.1 4* 
144 *d 

>146 26 
*47 5 

148 19 








































































Capi Horn. 

56 0 0 S 

o Staten Island, 1 

| 

? —Cape St. John . 

54 48 0 

^ Var. 27 ° B, 


* LeMaire’s Strait*,! 


—C.Good Success 55 I 30 

b Cape Sta. Ines... 

54 8 0 

£ Cape St. Sebastian 

53 27 0 

Str. of Magellan, 


—Q. Catherine’s 


Foreland. 

si 41 0 

^ —Cape Virginis.. 

5a 18 30 

5 —Cape Froward.. 

53 55 

m Cape Fairweather.51 33 0 

3 Sta. Cruz, Harb.. 

50 17 0 

£ Port St. Julian... 

49 7 0 

Port Desire. 

47 45 • 0 

Cape Blanco. 

47 17 0 

Var. 11° 54' E. 
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TABLE XL. 

LATITUDES ana LONGITUDES, 


Latitude. I Longitude. 


Curacao, I 

—Amsterdam Hrjii 8 oN 68 20 30W 
ia 35 30 69 09 45 


6a 21 o 
63 3a o 
65 51 o 
67 3a o 
67 5a o 
6938 o 
71 30 o 

70 57 o 

71 4 o 
7a o o 

74 4 30 

75 ap 35 

77 15 o 

79 44 15 
8a 4a o 
8a o o 
81 48 o 

80 16 o 

78 40 o 
8 a a6 o 
85 6 p 
8j ij o 

: 86 so p 
[ 86 24 o 

. 83 40 O 


Latitude.. I Longitude. 


Cape Three Points 

10 36 0 

Cumana . . 

9 JO 0 

Cape Coadera.... 

10 41 0 

Porto Cabello.. . . 

IO 30 SO 

Gulf of Triste... 

10 39 0 

Cape Roman. ... 

11 52 0 

Maracaybo . 

11 4 0 

C. Coquebaooa... 

12 2 0 

Manges Islands.. 

12 23 O 

Cape de la Vela . 

12 12 0 

SUMgrth*. 

II 19 2 

Cartr AOINA. .. 

10 26 19 

Q. of Darien, tuitt. 

Ms 0 

Porto Bsllo. .. 

9 33 39 

St. Juan’s R.,entr. 

10 39 0 

Gt. Corah, N.end 

11 38 0 

Little Corn Island 

12 12 0 

St. Andrew’s. I... 

ift 31 0 


C. Oraciop a J>soafi5 * 0 
Black R.., eqtpr... 13 51 O 
CapeGaiqerei). ,.|i6 Qi o 
Cape Honduras .. 

. Triftillo ... 

g Swan Ialapd*.... 117 14 .0 
2 Bouacio Island, 

—North Bast PL. 

5 Rattan L, E. Pt.. 

^>UtHo, E. Point.. 

> Ginger’s Beef, 

—North lfoint... 17 o o 
—Soutfi Point... 16 27 a 
N.TriangleSjN. Pt. 19 1 o, 

—South Point.... 

Cosuinbe l.,S>Pt. 

False Capp.. 

Loggerhead Bey. 

C. Catondie..... 

Pr^celas Shogl, 

—North Ifoijjit... 

Point Delgada... 

Campechg ...... . 

Vera Cruz. 

MliXLCOj.. 

Cape Roxa. 

Riy;cr Brato, en tt 

Cape North. 

4t.Mj8tiftsfyi K «nt4. 

*2 New.Odegnft;.. *'.J 
.© Mobile Point... J 

Pensacola-.. 

^ Cape St. Bias, .., 

Bay of Apalavho, 

^ Sph'itu Santo, Hr 

^ Carlps Bay. 

q Point taiga ...,. 

^ Dry Tortugas... 
i*3 Vau 6° 15' E, 


) 9* 48 o 
9x26 o 
9121 o 

1.97 30 0 

99 4 i 45 
1984 44 o 
* 97 5 ® o 
9a 30 o 
I 89 20 O 
89 58 45 



Cape Sable.24 57 oN 

Cape Florida..... 23 41 30 


XXIV. The WEST-INDIA ISLANDS. 


Bermudas. 

—St.GeorgeTown 32 22 20 64 14 15 

MataniUa Reef, 

*§ —North end r.... 27 47 o 80 10 o 

« Memory Rbck... 27 15 o 80 3 o 

Great Bahama, 

6—West end.2630.0 8 q 7 o 

—East end.26 25 o 79 4 O 

Hole in the Rock. 25 57 o 78 15 o 

Ahaco Key ..... 26 34 o 7818 o 

Elbow Key.27 7 o 78 19 o 

3 Guana Key.27 15 o 78 39 0 

Berry Isles, 

—Money Key... 25 42 o 78 58 o 

—Frozen Keys,. 25 18 o 78 30 o 

Salt Key Bank, 

—Double headed 

Shot Keys ...... 24 o 0 8034 o 

—Salt Key.23 37 o 80 36 o 

-Anguilla.23 2| O 79 24 o 

Great Isaac.25 58 O 80 15 o 

Little Isaac-23 39 Q 79 55 o 

Bemiui Islauds, 

South end.23 24 Q 80 14 o 

Orange Key.24 38 O 

Dutch Key.42 44 o 

JouRcr Keys .... 23 8 O 

•jj New Providence, 

t —Nassau.. 25 O o 

—West end. 2454 O 

° —East cod.24 54 o 

Egg Island...... 23 27 o 77 58 o 

tg Harbor!., N.Pt.. 25 31 0 77 47 O 

Eleutbera Island, 

| —Powell’s Point. 24 37 o 77 % o 

Exnma Island, 

—North Wert Pt, 23 36 o 76 o o 
Yuma, or Long I., 

—North West Pt. 23 26 O 75 20 o 

—South Point... 22 38 o 74 57 o 

Key Verde.22 o o 75 40 o 

Leeward Stocking 

Island.23 48 O 76 20 O 

Cat Island, N. Pt* 24 27 O 76 % o 

—South Point... 23 57 o 75 38 a 

Little Island.*4 a6 o 76 20 o 

Walling’s Island, 

—North $&<t Pti.|a4 6 O 74 36 O 

— West Point....123 56 30 74 38 o 

Ru|n Island .... . 23 38 0 75 ft O 

Var. I? m 
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LATITUDES and LONGITUDES, 


Latitude. I Longitude. 


9 io N 
12 o 

48 50 

39 o 


Atwood’s Key, 
—West Point... . 23 
Hast Point.. ... 2} 
Crooked L, W.Pt. 22 
—East Point .... 22 
Acklin’s Key, 
—Castle Island.. 22 
Fortune Island, 
—South West Pt. 22 
Mira por vos Keys 22 
French Keys, 

—West end.22 

Mongano Island, 

— North West Pt. 22 
—South West Pt. 22 

—East Reef.22 

Hogsties, W. Pt.. 21 
Little Heneaga, 

—East Point.21 

—West Point.... 21 
Great Heueaga, 
—North Hast Pt.. 21 
—North West Pt. 21 
—South West Pt. 20 


Gt. Cayeos, S. Pt. 21 30 o 
Shoal otfC. Comet 21 44 15 
Booby Rocks off 
North Cayeos ... 21 57 30 
Providence 

Cayeos, N. W.Pt. 21 54 . o 
Little Cayeos, 

0 —South West Pt. 21 35 15 

Sandy Key.21 17 o 

South Keys.21 I o 

Turks Islands, 

—Grand Turk... 21 31 45 

—Salt Key.21 21 O 

—Sand Key. .... 21 II O 
—KndymionsRks. 21 6 O 

*1- Handkerchief,} 

— North East end 21 17 O 
—North W f est end 21 o o 
—South West end 20 53 O 
Silver Keys, 

—South East end. 20 13 50 
—North East end 20 31 o 
—West end.20 29 20 


n 54 4 °w 

71 19 O 


Cape Maize.... 
Point Mulas. •. 
Cayo Romano. 
Point Pnridon.. 
Saint Juan .... 
2 Point Ycacos.. 
5 Port Matancas. 
H A V ANV A, 

— Fort Morro.. 
Honda Bay.... 
Cape Antonio,. 
Can- < orr'n’ntes 


74 29 o 

74 36 40 


73 15 10 
73 18 o 

72 46 30 

73 58 o 

73 * o 
73 13 0 

73 6 o 
73 5i 0 
73 50 o 

7i 35 o 

71 27 o 

7* 4 45 

72 27 30 

7* 33 ° 

72 13 o 

7i 37 15 


71 10 30 
71 16 o 
71 15 22 
71 21 o 

70 36 o 
69 58 o 

71 2 O 

6 9 35 45 
(k ) 33 0 

70 4 20 

74 n o 

75 52 0 

77 57 45 

78 12 o 

79 15 o 
81 15 o 
81 44 0 

&2 40 30 

83 53 *0 

85 10 o 

84 40 o 
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TABLE XL, 


LATITUDES and LONGITUDES. 


Latitude. 

Longitude. 

0 / # 

0 it 

:o 0 30 N 

7147 j w 

19 3 8 30 

71 2 O 

19 46 24 

72 18 0 

10 0 55 

7 J 48 IS 

:o 5 30 

73 I 0 

820 

68 22 0 

18 7 0 

68 27 0 

18 24 0 

68 3 0 

18 3» 0 

67 46 0 

l8lO 

67 48 0 

18 32 0 

66 33 0 

18 36 0 

65 3# 0 

18 2 0 

65 47 0 

18 19 0 

65 315 

l8 21 0 

64 43 0 

r8 17 0 

64 45 0 

18 10 0 

64 a 0 

18 26 0 

64 25 0 

18 41 0 

64 30 0 

18 38 0 

63 37 30 

18 16 0 

63 0 0 

18 4 20 

• 

63 1 0 

1 

17 52 0 

62 25 0 

17 39 3° 

63 *3 30 

15 3 1 0 

*3 39 0 

1 17 29 0 

63 2 0 

17 *9 30 

62 42 20 

17 10 0 

62 31 0 

17 49 45 

61 50 0 

17 4 3° 

62 9 0 

1700 

61 48 0 

16 53 0 

62 22 0 

16 48. p 

62 16 40 

16 22 0 

61 44 0 

16 15 0 

67 16 0 

16 42 0 

61 40 0 

15 59 45 

62 0 45 

16 30 0 

61 58 0 

16 35 0 

61 11 15 

x 5 51 0 

61 42 9 

*5 55 15 

61 11 0 

r 5 35 30 

61 38 0 

15 18 23 

61 35 30 

15 14 q 

61 35 0 

35 55 

61 9 0 

14 44 0 

61 ir 16 

14 56 0 

61 28 0 


Piaces. 


Rock off Point 
La Grange... 
Pint Dauphin.... 
Cape Francois.. 
Tortudas, E. Pt.. 
—West Point 


La Mona... 

La Monica. 
Zachee Island ... 


Cape Roxo..., 
St. Jnan ...... 

Cape St. Juan , 


Tortola, Bay... 
St. John’s, E. Pt 

Birds Key. 

Virgin Gorda, 
—East End .... 
Auegada, W.Pt.. 

Sombrero ..._ 

Anguilla, W. Pt f . 
St. Martin, 
—Great Bay ... 
St. Bartholomew, 

■—East Point . .. 

Saba . .... 

Avcs, or Birds Is. 
St. Kustatin, Tov 
St. (Christopher, 
—Basse Tene . 
Nevis, Town..... 
Barbuda, N. Pt.. 
Antigua, St. John. 
—English Harbour 

Redondo.. 

Montsc*rrat, 

—North East Pt., 
Gi.adaloupe, 

—Fort Louis. 

—Chateau Point., 
—Old Fort Point, 
—Rassa Terre .., 
—English Heud.. 
Deseada I., \. Pt 
Saints Islands..., 
Marygalante, 

—Town. 

Dominica, 

—Pr.Rupert’*Bay 

—Roseau. 

—Scot’s Head . .. 
Martinique, 

—Port Koval,... 
—Port St. Pierre. 
—Moucabp Point 


Places. 


Martinique, 
—Cape Salines 
—Diamond Rock. 
St. Lucia, 

—Careenage .... 
—Point Piton... . 
—Moulacique Pt., 
St. Vincent, 

—Kingston. 

Barbi.doos, 

Lg —North Point... 
5 —Bridgetown.... 
^ —South Point... 
Granadillos, 

—Becouia Island. 
C —Curiacou Island 
5 Grenada, 

—North Point ... 
—Fort Royal.... 
— Point Saline6 .. 
Tobago, 

—ManofWarBay 
—South West end 
Trinidad, 
—Spanish Town.. 
—Icaque Point... 
—Point Galiote.. 
—Point Galera .. 


Latitude. Longitude. 


0 

1 

a 

0 

/ 

0 

14 

22 

oN 

60 

54 

oW 

14 

24 

0 

61 

6 

0 

13 

53 

0 

61 

6 

0 

13 

3b 

0 

61 

*5 

0 

*3 

29 

0 

61 

2 

0 


8 

O 

61 

*4 

0 

13 

18 

0 

59 

43 

0 

*3 

5 

30 

59 

40 15 

*3 

1 

0 

59 

36 

0 

12 

53 

0 

61 

^5 

0 

12 

30 

0 

61 


0 

12 

19 

0 

61 

4 * 

0 

12 

2 

54 

61 

5 1 

15 

11 

58 

0 

61 

55 

O 

11 

24 

■ 

0 

60 

18 

O 

11 

4 

O 

60 

38 

0 

10 

39 

0 

61 

50 

0 

10 

4 

0 

62 

15 

0 

10 

9 

0 

61 

15 

0 

10 

5 * 

0 

61 

11 

0 


XXV, The EAST COAST of AMERICA, 
from Cape Sable to Davis’s Straits. 


Cape Sable... 

Ear. 6° 15' E. 

Dry Tortugas 
Cope Florida. 
Great Inlet .. 
Grenville’s Inlet. 
Ij2 Hillsborough Inlet 
North er.d of 
S Matanilla Reef. 
^ TVo variation 
Cape Canaveral.. 
—Outermost Shs. 
St. Augustine... 
St. John's R. entr. 
Amelia. I.,N. cnd,j 
entrance to St.j 
^ Mary’s River.. 
~>St. Simon’s Sound 

k Darien. 

^ St. Catherine’s S. 

Sunbury . 

Savannah, or 
a Tybee Light.... 

5 Port Royal. ... 

© Charleston. 

3 - Li S ht . 

. Cope Roman.... 
Georgetown. 


24 57 o 


31 o 
41 30 
o o 
47 o 
14 o 


27 50 o 


35 o 

2 o 
19 o 
35 .0 
43 o 

o 45 
12 o 
50 o 
43 30 

3 o 


33 V 0 


82 23 

84 24 
81 13 
81 32 
81 10 
81 19 

80 10 


81 28 o 
81 14 o 

81 58 o 

82 3 o 


81 9 o 

81 50 o 

82 7 o 
81 22 o 
81 38 o 

80 56 o 
80 44 o 
80 11 o 
80 6 o 
79 30 o 

79 24 © 
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LATITUDES and LONGITUDES. 


Places. 

Latitude. 

Lougitude. 



I 



H 

c / 

» 


0 t 

a 

0 / 

It 

Brunswick. 


ON 

78 30 

oW 

<* Boston, Town .. 

44 44 

30 N 

71 3 

oW 



0 

7o 20 

0 

S —Light.. 

42 22 

0 

70 53 

0 

•-$ Frj*ing pan Shoals 

.13 3 ° 

0 

;8 2i 

0 

S New Cambridge . 

44 24 

0 

71 *8 

0 

w Wilmington. 

34 14 

Mm 

;8 15 

0 

S Salem......... 

44 34 

0 

70 55 

0 

'3 Bear Inlet. 

.14 33 

El 

77 46 

0 

g Baker’s I., Light. 

44 34 

0 

70 52 

0 

•£* Beauford’s Entr.. 

.14 34 

0 

77 44 

0 

jg Cape Ann, 





J 3 Cape Lookout... 

34 43 

0 

77 10 

0 

^ —1 hatcher’s Lt.. 

44 40 

0 

7 ° 38 

0 

^ —Shoals, S. E.part 

34 14 

0 

77 5 

0 

Ipswich. 

42 43 

0 

7 ° 55 

0 

Beau ford. 

.14 44 

0 

77 21 

0 

g Newbury, Light . 

42 48 

0 

70 5 i 

0 

Occacoke Inlet.. 

34 54 

0 

7 6 3 » 

0 

5 Isle of Shoals.... 

44 57 

0 

70 38 

0 

Cape Hattcras... 

15 7 3 ° 

76 12 

0 

;§ Portsmoutn,Town 

43 5 

0 

70 46 

0 

—SitoaU, S.E.part 

34 4 « 

0 

76 0 

0 

^ —Light. 

43 4 

0 

70 44 

0 

rm. t° as' n r . 





** Boon Island. 

43 7 

0 

70 27 

0 

o Roanoke Inlet... 

35 51 

O' 

76 12 

0 

York River..,. ✓. 

43 7 

0 

70 37 

0 

i 5 Cape Henry. 

36 57 

0 

76 21 

3 ° 

CajKj Porpoise ... 

43 41 

0 

70 25 

0 

i £ 5 * Cape Charles.... 

37 12 

0 

76 14 

0 

Bidth-ford. 

4.1 23 

0 

70 30 

0 

AVilliamsberg.... 

37 LI 

0 

77 6 

0 

Cashes Bank,mid. 

43 4 

0 

69 ij 

0 

1 Richmond. 

^8 6 

0 

77 8 

0 

Far. f io' H\ 





ZS Annapolis. 

19 0 

0 

76 50 

0 

Ca«c > Bay, 





^Baltimore. 

39 22 

0 

76 55 

0 

—Cape Elizabeth 

43 33 

0 

70 12 

0 

^ Washington. . . 

38 55 

0 

77 i° 

0 

—Yarmouth. 

+3 46 

0 

70 12 

0 

False Cape. 

iS *7 

0 

75 14 

0 

—Portland Light. 

43 39 

0 

70 15 

0 

C Far. 4- ^o / JF. 





—Casco ... 

At At 

0 

70 It 

‘o 

a Cape James, or 





Brunswick. 

43 54 

0 . 

70 0 

0 

5 Henlopen. 

38 46 

0 

75 12 30 

Kenncbeck R.ent. 

43 43 

0. 

69 47 

0 

^ Lewis Town. 

38 47 

27 

75 15 

48 

Seguin Island.... 

43 41 

0 

69 40 

0 

^ Newcastle. 

19 39 

0 

75 4 « 

0 

Bautuin Ledge... 

4.1 42. 

0 

69 38 

0 

Philadelphia. . 

.19 56 55 

7516 

0 

TownsendB..entr. 

43 49 . 

0 

69 39 

0 

^ Cape May. 

38 57 

0 

75 4 

0 

Pennaqmd Point. 

43 48 

0 

•69 30 

0 

Great Egg Harb. 

39 18 

0 

74 38 

0 

Manheigen Island 

43 44 

0. 

69 16 

0 

C Little Egg Harbour 


0 

7418 

0 

Ball Rock. T 

43 48 

0 

68 50 

0 

New York, or 

aV 



^ Metinicus Island. 

43 53 

0 

68 51 

0 

^ Sandy Hook Light 

40 27 

0 

74 13 

0 

S Penobscot. ..... 

44 44 

0 

68 45 

0 

^ Far. n°c/m 





Haute Island.... 

44 0 

0 

68 30 

0 

Perth Am hoy.... 

40 30 

0 

74 40 

0 

^ Long Island. 

44 6 

0 

68 17 

0 

. New York. 

40 41 

25 

74 11 

0 

C Mt. Desert Rock. 

143 54 

0 

68 10 

0 

^ Montuc Point.... 

41 4 

0 

72 6 

0 

| Far. ii° 45' IV. 





'3 New Haven Entr. 

41 18 

0 

73 3 

0 

GouldsboroughHr. 

'44 45 

0 

68 1 

0 

Connecticut R. .. 

41 16 

0 

72 33 

0 

Pleasant fia / .... 

44 47 

0 

67 48 

0 

-a New London, Light 

4 1 21 

0 

72 22 

0 

Machios Bay, 





3 Block Island..... 

41 IO 

0 

71 45 

0 

—Cross Island... 

44 40 

0 

67 24 

0 

^ Point Judith. 

41 24 

0 

7* 38 

0 

Western Seal Is.. 

44 37 

0 

66 54 

0 

^ Providence. 

41 54 

0 

7 i 33 

0 

Manan I., S. Pt.. 

44 43 

0 

67 0 

0 

Rhode I., Light.. 

41 47 

0 

7 « 3 i 

0 

Wolf Island s. 

,45 3 

0 

66 50 

0 

as Newport. 

41 3 ° 

0 

71 24 

0 

Campo Bello Id., 





Buzzard’s B.,entr. 

41 28 

0 

71 4 

0 

—North end..... 

45 4 30 

67 1 

.8’ 

New Bedford 

4 i 39 

0 

71 2 

0 

St. Croix R.. entr. 

45 7 

0 

67 8 

0 

Falmouth. 

4 i 33 

0 

70 44 

0 

Macgone Island.. 

45 18 

0 

66 4 

•0 • 

Nomans Land. .. 

4 i 15 

0 

70 56 

0 

Cape Spencer.... 

4516 

0 

65 54- 

0 

Martha’s Vineyard 





Cape Cliignecto.. 

45 44 . 

0 

64 49 

0 

— East Point.... 

41 21 

0 

70 31 

0 

Anuapolis Royal., 

44 45 

30. 

65 46 3 ° 1 

—SrjuibnocketHd. 

4 i 17 

0 

70 -54 

0 

Briers Island ... 

44 19. 

0 

66 25 

0 1 

—Gay Head. ... 

41 41 

0 

70 57 

0 

a Cape St. Mary.. • 

44 14 

0 

66 13 

0 1 

Nautuket Shoal, 





■g Cape Fo.uchu . .• 43 51 

30 

66 10 

30 1 

—South Breakers. 

40 43 

0 

69 50 

D 

J5 Gannet Rock..., 

43 40 40 

66 9 45 1 

Nantuketl., Light 

41 43 

0 

70 6 

0 

a Seal Is., S. Point. 

43 »5 

25 

66 0 35 I 

—Tom Never.* I Id. 

44 ?4 

.0 

70 4 

0 

,? Cape Sable .... 

43 43 45 

6S 39 15 1 

£t. George’s Bunk, 





< Far. n° 15' IF. 

. 



• 

—Middle ....... 

41 4 J 

0 

68 34 

0 

Cape Negro Island 

43 33 

5 

65 17 50 

Sandy Point. 

41 34 

0 

70 4 

0 

Port Rosewav. Lt ,'43 30 

0 

65 *3 

0 

Cape Cod, Light. 

4 ? 5 

0 

70 18 

0 

Port Mansfield .. 

43 5 ° 

0 

64 5* 

0 

Plymouth. 

4 X 59 

0 

70 45 

0 

1 Gambier Harbour 44 0 

0 

64 41 

0 
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TABLE XL 


LATITUDES and LONGITUDES. 


Latitude. Longitude. 



e. Longi 


Liverpool.44 5- oN[ 


Port Jackson .... 44 10 
Sambro Hd.,Light 44 30 
HALtFAxHarboui 44 36 
‘ Vat. iy iV IV. 

Port Stephens ... 45 O 
Sandwich Harbour 45 8 

Torbay.45 12 

Port Howe.45 14 

Cape Canso.... 45 20 
Par. 13 0 W. 

Sable 1 ., F. Point 44 5 

—Wert Point.... 44 3 


45 34 o 
45 4S o 

45 53 40 
1 30 


C. Hinchinbroke . 
Cape Portland ... 
Loimsbourg. . . . 
Scaterv Island... 

Flint Island. 

Spanish Bay. 

Port Dauphin.... 

Capo North. 

Ch'dicuu Harboui 

Sea Wolf. 

Port U(K)d. 


Cape North.47 7 

West Point.40 37 

Far. ih° IF. 

Cape Kgniont.... 46 28 
Hillsborough Bay. 46 6 

Charlotte Town. • 46 14 

Port Joy.46 it 

Bear Cape.46 3 

George Tow n... . 46 14 

F.a.rt Point.46 27 

Richmond Hay... 46 38 

Cut of Canso, 

— North entrance 45 44 
Cape St. George . 45 52 
Piclou Island .... 45 51 
C. Tormenti ne .. 46 9 
Richfhnctb Harh. 46 44 
Escuminac Point. 47 3 

Miscou L, entr. to 

Chaleur Bay... 48 4 
Cape Despair... 48 27 
Bnmrventnre I. .. 58 33 

Mat Point.48 38 

Cape Oaspe.48 47 

Magdalen River. .49 13 
St. Ann’s River... 49 8 

^ Cape Chat.49 9 

MountCnmille. .. 48 37 

Bic Island.48 30 

Anticoata I.,E.Pt. 49 9 
—South Point... . 49 6 

—South West Pt. 49 22 
—Jupiter’s River. 49 26 
[ —West Point.... 49 50 
— North Point ... 49 s6 


64 40 OW 
64 28 0 
6.1 3 * 0 
63 19 o 

61 58 o 
61 36 o 
61 16 o 
61 3 o 

60 55 o 

60 o o 
60 33 o 


63 50 o 
62 56 o 
62 50 o 
62 57 15 
92 13 0 

62 20 O 
61 46 O 

63 27 O 


48 22 O 
47 57 ° 
47 44 

47 8 o 


63 24 30 

$3 25 15 

64 15 o 
63 S2 O 


















































TABLE XL, 


t*7 

LATITUDES aso LONGITUDES. 


Places. 

Latitude. 

Longitude. 

Places. 

Latitude. 

Longitude. 

^ Great Miquelon.. 

=j Burnt Island. 

^ Fortune Head*... 

Penguin Islands.. 
^ Rainca Islands... 
^ Burgeos Islands.. 
< Connor Bay..... 

Quebec. 

Coudres Island, 

4 —North West Pt. 
^ St. Paul’s Bay... 
| Bay of Rocks.... 
3 Point Mill* Vacbe 

Manicougan Pt.. 
Cape Montpelles. 
Seven Islands Bay 

Mimran Isle. 

St. John’s River. 
Esquimaux Is.... 
h Mount JoK. 

5 Little Mecatina.. 
Great Mecatina.. 

13 0 id W. 

*3 St. Augustin’s Bay 
Esquimaux Bay.. 

Belle Isle. 

Cape Charles.... 
Esquimaux, Gt.B. 
Cape Harrison... 
St. Peter’s Harb.. 
Inchanted Cape.. 

^ Sadet Islands. 

East Island. 

- 5 Steel Point. 

“a Cardinals Island.. 
^ False Black Head 
Black Head ..... 

Cape Chidlcy.... 

^ Button’s Islands.. 
5 Cape Resolution.. 
i| Saddleback Island 
Upper Savage Is.. 
i„«» North Bluff...... 

S Cape Charles.... 

rw Cape Dorset. 

■ § Cape Pembroke.. 
Cape Walsingham 
Cape Digues..... 
Salisbury islands. 
Mansfield I.,N.Pt. 
—South Point ... 
C. Southampton.. 
North Sleepers.. % 
West Sleepers... 
Portland Point... 
i§ Baker’s Dozen... 

Btdchers, N. Pt.. 
o James Bay, 
j-f —C. Henrietta... 

’S3 —C. Jones. 

| —fcear Isle. 

o §H 

47 io oN 
47 16 o 

47 9 0 

47 24 o 

47 3 * o 

47 36 3 ° 

47 3 # 0 

46 48 30 

47 15 33 

47 16 0 

48 0 0 

48 45 0 

49 12 0 

49 27 0 

50 10 0 

50 16 0 

50 20 0 

50 12 0 

50 5 ° 

50 28 0 

50 45 0 

51 13 0 

51 25 0 

5 i 57 0 

54 13 0 

54 20 0 

54 54 0 

56 28 0 

56 40 0 

57 13 0 

57 45 0 

58 7 a 

58 50 0 

59 20 0 

59 50 0 

60 14 0 

60 45 0 

61 29 0 
6a 7 0 

62 3a 30 
6a 34 0 
6a 46 0 
64 50 0 

63 0 0 
6a 20 0 

6a 41 0 

63 19 0 

6a 38 30 

5 * 35 0 

6a 10 0 

61 38 0 

6o 8 0 
<9 0 0 

58 5 0 

56 20 0 

55 © 

54 5 ° 0 

54 34 0 

era’ 

56 23 cW 

56 0 0 

55 5 * 0 

57 3 0 

57 24 0 

57 36 15 

57 59 0 

71 5 *9 

70 18 57 

70 24 0 

69 42 0 

68 38 0 

67 4? 0 

66 51 0 

66 0 0 

63 46 6 

63 57 0 

63 yo 0 

61 27 0 

59 30 0 

59 6 0 

58 47 0 

57 30 0 
. 5.5 30 0 

55 30 0 

57 35 0 

56 50 0 

60 50 0 

60 ss 0 

60 50 0 

61 20 0 

6i 50 0 

64 0 0 

64 19 0 

64 37 0 

65 20 0 

63 5 0 

65 16 0 

68 13 0 

70 48 0 
70 56 0 

74 15 0 

77 12 0 

82 36 0 

77 48 0 

78 5 ° 0 

76 47 0 

80 33 0 
8100 

86 3 0 

79 45 0 

81 36 0 

78 30 0 

79 30 0 

80 15 0 

82 30 0 
. 7.8 54 0 

8r 24 0 

James Bay, 

—North Cubb ... 
—The T^ins ... 
—Albany Fort.,. 
—Moose Fort.... 
— F.. Main House 
—Charlton Island 

York Fort. 

Cape Churchill... 
Pr. of Wales’s Fort 
£ Mnrble Island ... 
5 Cape Dobbes.... 

Cape Walsinghaiu 
,, Dyer’s Cape..... 

Sanderson’s Hope. 
§ Cape Bedford. ... 
^ Way gate Island.. 

= / V 

54 20 oN 
53 12 0 

52 14 40 

5 * 15 54 

5 2 15 0 

5 * 3 0 

57 148 

58 48 0 

58 47 3 * 

33 0 

65 0 0 

<>4 j 0 

65 20 O 

66 18 0 

66 55 0 

70 40 0 

0 7 a 

8248 oW 
do 35 0 

81 59 58 

80 56 6 

78 42 0 

79 55 0 

92 32 0 

93 11 0 

94 13 Si 

91 6 0 

86 4a 0 

66 10 0 

66 15 0 

68 10 0 

68 30 0 

44 13 0 

XXVI. The Coasts of GREENLAND. 
ICELAND, and SPITZBERGEN, 
and adjacent Islands. 

MiLskitlo Cove... 
Gothaab,entr. of 

River Bai. 

Bear Sound. 

tS Mnab..... 

J Cape Farewell... 
g Cape Discord.... 
£ Wha’es Island ... 

^ Herjoisness. 

Bontokoe Island.. 
Gael Hamkcs Bay 
John Mayen’s I.. 

Cape Reikiancss. 

Bessested. 

Mount Smesell... 
Patrixfiord* ..... 
Straumness...... 

. North Cape. 

s Hola.......... 

‘S Grim’s Isle. 

£ Rikefiord.. 

Lougnose....... 

EnchuUcn Island. 
Wreeland Island. 
Cape Heckla .... 

Westman’s Is.... 

South Cape. 

^ Fair Foreland.... 
« Amsterdam Island 
£? —Hackhtyts Hd.. 
►3 Smeerenburg Hr.. 
5 tor. i 8°57'/^ 
•o’Vorleegen Hook . 
Hope Island. 

Cherry Island... .j 

64 55 13 

64 9 55 

63 20 O 

6a 5 0 

59 38 0 

60 50 0 

62 30 0 

65 3 0 

73 15 0 

75 0 0 

71 IO 0 

6355 0 

64 6 9 

64 5a 20 

65 35 45 

65 39 4 o 

66 34 0 

65 44 0 

66 57 0 

66 30 0 

66 25 0 

64 20 0 

6 3 53 0 

63 22 0 

63 20 30 

76 32 0 
)8 53 0 

79 46 0 

79 44 0 

80 7 0 

76 30 0 

le 

74 5 * 0 

. A» 36 45 

S» 4 * 45 

49 IO 0 

48 27 0 

42 4a 0 

44 0 0 

43 IS O 

29 50 0 

7 5 0 

6 5 * 0 

9 49 30 

; 22 47 0 

21 5 % 45 
*3 54 0 

24 10 0 

24 29 15 

22 10 0 

19 44 0 

19 12 0 

17 35 0 

19 0 

14 15 0 

18 19 0 

19 54 O 

20 27 45 

13 45 0 F. 

8 45 . 0 

9 49 0 

9 5 ° 45 

16 50 0 

20 28 0 

14 4 * O 
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TABLE XLI. 


TlieTiMF.s of High Water,ou the Full and Change of theMoon, at the prin¬ 
cipal Ports, Harbours, and along the Coasts, particulaily of Great Britain 
and Ireland, with the vertical Rise of the Tide in Feet at the Spring Tides. 


Terceira, 


Baltimore. 

Bamff. 

Bantry Bay. 

Bardsey Nland.. 
Barfleur(Cape).. 

Barmouth. 

Barnstable Bar.. 
Bas (Isle de).... 
Baudsey ClilT... 

Bayonaa. 

Bayonne . 

Beachy, on Shore 
Beachy, Ofliug.. 


Ireland. 

Scotland 

Ireland. ^ 

Wales. 8 

France. 7 

W ales. 8 

England. 3 

Eng. Channel 3 

Kn eland'.10 

Spain ....... 4 

France. 3 

England. 9 

England.II 


Situation. 



Bear Island. 

Beaumaris. 

Hudson’s Bay 
Wales. 

Bee’s Head (St.).. 

England.1 

Belfast. 


Belle Isle. 

Bembridge Point. 

Bay of Biscay 
Isle of Wight. 1 


[Bermudas Island..IAtlauL Ocean 

10 iBerwick...IEngland. 

23 



road Haven.Ireland. 

Btichanness.Scotland..... 

I Burnt Island..... Scotland .... 

Bustard Bay.New Holland. 

Button’s islands., Hudson’s Bay, 


JCaen.France. 9 

I Caernarvon, Bar.. Walt s. 9 

! Cairston..Orkneys. 9 

Calais.France.II 

13 Calcutta.India....... . 3 

26 Caldy Island.j Wales. & 

27 Calf of Man.St. Geo. Chan. 10 

Camperdown..... Holland. 4 

Campbell (Port).. America. 9 

Canna Sound.Ireland. 5 

20 Canary Island.... Atlaut. Ocean 3 

Cancale... Frauce...... 7 

tized bvVjOOQlC 


















































































































































TABLE XLI. 


TIMES of HIGH WATER. 


Situation. ITimet. 


Cantin (Cape) ... 
Canto (Cape).... 
Cantire (Mull of). 
Cappel (West) . . 
Capricorn (Cape). 

Cardiff. 

Cardigan Bar.... 

Carlingford. 

Carlisle. 

marthen. 

Carr Rocks. 

Carrickfergus.... 

Caskets... 

Catherine’sPt. (St) 

Cat ness.. 

Cayenne . 

Charente R., entr. 
Charles (Cape)... 
Charles bland .,. 
Charleston Bar... 

Chatham. 

Chepstow*. 

Cherbourg... 

Chester Bar. 

Chichester Harb.. 
Chittagong Bar... 
Christmas Sound . 
Churchill (Cape) . 

Clear (Cape). 

Cockspur . 

Cod (Cape)...... 

Condore (Pulo)... 

Conway. 

Copeland bland.. 

Coringa Bay. 

Coquet Island... . 
Cornwall (Cape).. 
Cornwallis (Port), 
Cornwallis (Port). 
Cork Harb., entr.. 

Corunna. 

Cbutance. 

Cowes. 

Cracatua bland.. 

Crornartie. 

Cromer. 

Crookhaven. 

C oss bland ..... 
Cuckolds' Point.. 

('ulpee. 

Cuxhaven . 


Africa.to 

America!.... 8 

.■Scotland..... 9 

Holland. O 

New Holland. 8 

Wales. 6 

Wales.. 7 

Ireland. 9 

England.12 

Wales. 6 

Scotland. I 

Ireland.10 

Eng. Channel 8 
Isle of Wight. 8 
White Sea... 5 
S. America... 6 
France...... 4 

America. 7 

Hudson's Str. 10 

America. 7 

Kngland*.... I 

Kngland. 7 

Fiance. 7 

England....*. 10 

England.II 

India. T 

S. America... 2 
Hudson’s Bay 7 

Ireland. 4 

America. 9 


m. Feet 1 
o 


China Sea... 

Wales. 

Ireland. 

India. 

England. 

England. 


Andaman.... 10 
Ireland. 4 


France. 6 

I Isle of Wight, to 
|Str. of Sunda. 7 


. Scotland .... 11 

. England. 6 

. Ireland. 3 

. White Sea. .. 4 

. Thames. 2 

. India. 1 

. Germany.... 1 


Digges (Cape) 
Dingle Bay.., 



Daroaun.India. 2 30 

Dartmouth.England. 6 10 20 

David’s Head (St.) Wales. 6 o 

Deudinim’s Point. England. 5 tc 


Dec (River).Scotland 

Delaware R.,entr. America 

Denbigh.Wales.. 

Diamond Point.. . India... 


P«. 



Eastern Brace.... Bay of Bengal 9 45 

Eddystoue.'..Eng. Chanucl 5 50 18 

Edinburgh.Scotland. 4 3c 

Elbe R., red Buoy North Sea ... 12 o 

ElizabethTownPt. America. 8 54 5 

Ernbden.Germany.... 12 o 

Knkhuysen.Holland.12 o 


3 15 

6 45 14 

6 35 

12 O 
2 15 

9 c 

4 c 

5 45 18 

2 2C 4i 

9 , 45 

10 30 
% c 
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TABLE XLI 


TIMES of HIGH WATER. 


Places. 

Situation. 

Times. 

list 

Places. 

Situation. 

Tinri. 

Ri^ 



-T 

b. 

m. 

Feet 



h. 

Dl. 

Feet 

Fort Georg* ..... 

Scotland .... 

11 

o 


Humber R„ entr.. 

England. 

5 

15 

iK 

Port St. John ... 

Newfoundlan. 

o 

o 


Hung Road .. 

England .... 

6 

4 S 

46 

Poul lsie 

Shetland*.... 


o 


Hurst Castle..... 

England,.... 

0 

30 


England.. 

O 

Q 

o 

16 





Powey..,... 

England, , . , . 

c 

i$o 

16 

Ice Cove. 

Hudson’s Bav 

10 

O 


Frehel (Cape) ... 

Prance. 

6 

o 

45 

Ingellee.... 


11 

O 


Pulta.'.. ... 

India. T t 

I 

TC 

Ipswich., 


it 

0 


Funchal. 

Madeira. 

il 

4 

7 

Ireland, W. Coast 

Atlant. Ocean 

1 

0 


Fundy (Bay of).. 

America..... 



60 

Ireland, S. Coast. 

Atlant. Oceau 

O 

S 

51 








France.,.... 

% 



Galtidi* (f!na*t of) 

Spain. 

t 

c 


Isle de Dicu .... 

France. 

j 

> 

{£ 

Galloper. 

Thames River 

il 

45 


Isle of Man, S. sidi 

St. Geo. Chan. 

IO 

R 


Gal wav Bav.. . 

Ireland.... t . 

4 

ao 


Ives (St.). 

England.. 

c 



Galloway (Mull of) 

Scotland..... 

IX 

h 


Jackson (Port)... 

New Holland. 

i 

R 

D 

Gambia R., cntr.. 

Africa. 

IO 

15 


Janeiro (Rio) .... 

3 . America .. 

4 

3 ° 


Gaspd Bay T . 

America. 

X 



Jersey Island .... 

Eng. Channel 

6 

c 

28 

Gay Head. T , r .,. 

America... . 

7 


7 


Newfoundlan. 

6 

c 


George River .... 

America. 

10 

j/ 

45 

9 

John’s (Si.j River. 

Bay of Fundv 



14 

Georgetown Bar.. 

America..... 

6 

4 U 


Jutland Coast.... 

Denmark.... 

IS 

0 



Spain ....... 

n 

Q 



mKM m 




Goa .. 

India.,. 

4 

70 


Kedgeree.... ... 


n 

go 


Good Hope (Cape) 

Africa. t 


O 

0 


Kcnmare River... 

Ireland. 

a 

3 ° 


Good Hope (Town) 

Africa.. 

a 

1 C 


Kenneheck...... 

America..... 

O 

to 

9 

Gore ........... 

England. 

ix 

J 

J 4 


Kentish Knock*.. 

River Thames 

[ I 

3 ° 


GoodWyn(hack of) 

Downs 

i 

ao 


Killibegs. f , .... 


6 

4^ 


Goree Gatway ... 

North Sea ... 

i 

3 ° 


King’s Channel*.. 

River Thames 

12 

0 

16 

Gonldsborough... 

America..... 

XI 

0 

ia 

King's Road. 

Bristol Chan. 

6 

45 

4 « 

Gowan*sHead(St.) 

Wales ...... 

t 

70 

36 

K insale. 

Ireland. 

c 

11 


Granville........ 

Prance. 

7 

to 

Kinnaird's Head.. 

Scotland. 

r i 

0 


Gravelinea ..,,. 

Prance. 

II 

J 

18 

Kirkudbright..... 

Scotland..... 

11 



Gravesend. • •. • . 

England 

T 

to 

16 

Kvkduvn. 

Holland. 

7 

30 

12 

Grj/nSM t . * • r - 

France.., T 

ii 

Q 





Groyne ....... r 

Spain. 

a 

c 


Lambaness.. 

Shetland. 

0 

3 C 

5 

Guernsey. . . 

English Chan. 

g 

0 

30 

Lancaster... 

England___ 

7 

11 

it 


Guqfleet 

Thames River 

ii 

Q 

Land’s end.. 

England. , f ,. 

4 

70 






Leith Pier . ... 


2 

20 

*5 

HaerlenT......... 

Holland.....' 

Q 

0 


Leman and Ower. 


7 

O 

Haffue. La ( Cane\ 

Prance.... . 

V 

a 

0 


Lerwick.,. tt 

Shetland .... 

o 

4 < 

10 

Halifax ......... 

Nova Scotia.. 

7 

7 


g 

Lewis Islands.... 

Scotland..... 

7 

6 

0 

11 

Hambnrgh. 

Germany.... 

6 

J 

0 


Lewis (Butt of)... 

Scotland. 

6 

as 


Hartland Point. •. 

England. 

6 

c 


Limerick. t . 

Ireland. 

6 


16 

Hartlepool. . 

England. 


AC 


Lisbon. 

Portugal. 

2 

1 s 

» * 

Harwieh f . 

England. 

j 

ii 

H.’ 

10 

14 

Liverpool . ..... 

England, . . 

n 


1 ±*1 

Hasborough Gatt. 

England..... 

6 

10 

Loch Swilly ..... 

Ireland. 

7 

30 | 

Hastings........ 

England*.... 

10 

161 


ire River. ._ 

France. 

/ 

* CX 

Hatteras (Cape).. 

America..... 

Q 

0 


1 

England ..l,. 

2 

46 19 

Havre de Grace.. 

Frauce. 

7 

10 

70 

22 

fVsHu mm 

Ireland. 

6 

n 

Helegolaud... T .,. 

North Sea.... 

II 

O 


Long Lland. 

America.... 


c 


Helena (St.) . 

Atlant. Ocean 

a 

It 

■ 

Lonz Sand Head . 

River Thame*- 

11 

1C 


Helens (St.)..... 

England. 

11 

At 

16 

Lon^shiim ..... 

England ... 

4 


Helvoetsluys..... 

Hollaud. 

i 

7 J 

13 



America. 

10 

-ir 

>! • 

Hcnlopen (Cape). 

America. 

Q 

c 

c 

Loop Head ... t . 


'A 

V 

Henry (Cape).... 

America..... 

7 

7 

40 

3 

4 

L’Orient. 

France. 

4 

^O' It 

Holms. 

Bristol Chan. 

\ 

40 

16 

Lowestoff, in Shore 

England.. 

A 

O 1 

Holyhead Bay ... 

Wales. 

10 

0 

J 

14 

Lowestoff Roads. 

England. 

7 

9 

10' 7 

Holy ]., Harbour. 

England. 

1 

3 ° 

15 

Lundy Inland .. • 

Bristol Chan. 

5 

45 jc 

Honfleur........ 

France...... 

IO 

10 


Lyme Regis .., 

Emit! and. 

7 



Holland's Hook... 

Holland. 

a 

0 


Ly mington, . T .. 

England..... 

f 1 

* 

11 

HooringottahlLenf 

: India.. 

o 

11 

1 2 

0 


Lynn Deeps,.., 

England. 

6 


Horn. 

North Sea .. • 

Q 






| 

H >sely Bay. 

England. 

II 

0 

11 

Machiftjj,..__ 

America. 

r 1 



1.'.. J . 

England. 

6 

c 

18 

Madeira..V. 

Atlantic Oc.. 

12 


1 7 

























































































































































TABLE XL1. 

TIMES or HIGH WATER.- 


Pl*cr«. 

Situation. 

Macoa.•*. 

China ...... 

Mae* . 

Holland..... 

Malacca Roads.*. 
Maloes (St.). 

India. 

France.... t . 

Marble Head .... 
Margate Roads... 
Martin Vas . .... 
Mary’s (St.) .... . 
Mary, St. (Cape). 

May Island. 

May (Cape) . 

Mergui. 

America... . 
River Thames 
Atlantic Oc.. 
Scilty Isles... 
Nova Scotia.. 

Scotland. 

America. 

India....... 

Milford Haven.... 
Minchead . 

E ngland. . 
England.... 

Mizcn head. 

Ireland .. .. . . 

Montrose.. 

Scotland . 

M or lair.,. i 

France. , 

Morocco Coast... 
Mount’s Bay . 

Nantucket. 

Xantz.. 

Africa. 

England . 

America...,. 
France...... 

Nantz River, entr. 

Nassau. 

.Natal River. 

France.. 

N. Providence 
Africa. 

Needles. 

Newcastle.. . 

Isle of Wight. 
England..... 

New Bedford .... 
Newbury Port.... 
Newhaven....... 

America.^ ... 

America. 

Snzland.... 

New London ... 
Newport. 

America,.,.. 
Wales. 

Newrv. 

Ireland. 

New York. 

America. . 

Nicholas (St.)... 
Nieuport. 

England. 

Prance ... , 

Nootka Sound.... 

Nore Ligh*. 

North Berwick * •. 
North Cape. 

Olonne. 

N. America.. 
.liver Thames 

Scotland. 

Lapland. 

Prance....*. 

Oporto... 

Portugal. . . 

Orfordness. 

England..... 

Orkney Islands;., 
Orm’s Head. 

North Sea ... 
Wales. 

Ortegal (Cape);.. 
Ostend.. 

Spain. 

France...... 

Owen*. 

Padstow. 

Palmiras Point... 
Pasftainoquoddy R 
Pasrier Roads.... 
Pen mark*. 

Eng. Channel 

England .... 1 

India. 

America. 

lorneo. 

France. 

Penobscot River.. 
Pentland Frith ... 

Penzance. 

Peter Head. 

America..... 

Scotland. 

England. 

Scotland. , 

Poveral Point.... 

Philadelphia. 

Plymouth Snuud.. 

England. 

America. 

England. 
































































































































































TABLE XLI. 


TIMES of HIGH WATER. 



Situation. 


Savannah (eatrrtoM America. 
Scarborough.... 



Scilly Islands....'. 

Scnlt Head... 

So ;iford.. 

Seal Islands^ .... [Bay of Fundy 
S -alon Sluice ..., - 

Seine River. 

Selaea Bill.. 

Sehea Harbour. 

Senega! R., entr. . 

Seven Cliffs.... .. 

Seven Islands .. .. 

Shannon R., entr.. 

Sheerness. 

Shellecks........ Ireland... 

Sheepscut.America.. 

Shetlaud, S. end.. North Sea 
Shields.......... 

Sbipwash. .. v.lRiver Thames 

Shore ham..' ’ ‘ 

Sierra Leon.. 

Simon’s Bay 
Simon’s Bar (St.). 

Skerries. 

Skerries.. 

Sky Island. ..(Scotland 


North Sea 


jSmnlls. 

jSmerwick Bay. 
(Smith’s Knowl 


IS imme River.;.. 

Southampton. 

Southwould. 

Spain (North Coast 

°0...| Bay of Biscay 

Sjiithead.. 

iSporn Point*. 

Stadtland.. 

Srapics. ..|Scotland 

Stai t Point. .. 

St ax i go. 

Stockton. 

Stonehaven.IScotland 

Ireland. 


N. Am-rica. 
Kurland.... 


Swansea. 

Snectnosc ... 
S v in.. 

Pavay Island., 

Pay Bar. 

rec» River..., 
Pelling (Gape) 


Texel(eotr«nce to) 

Texcl Road. 

Thp mesR. (mouth) 

Timnouth. 

Ted Head.. 

Topsbam. 


IO Tory Island. 

Townsend. 

16 Trincomaley. 

15 Tudwsl’sRoad (St.) 

Tuskar Rock. 

Typa Roads. 

15 - 

12 Use andViliaine R. 

15 Ushant within.... 
Ushant, without in 

^ the offing. 

13 Valentia Harbour. 
Vallery en Caux 

16 (St.).. 

Vannes.. 

3 Vincent (Cape St.) 
Vlie Passage. 

Wardhuys.. 

Wallet.. 

Watchet. 

Waterford Harb.. 

Weems. 

Weser R. f entr... 

Weilings. 

Wells. 

Western Brace... 
Wexford Harbour. 

Weymouth. 

Whitby. 

Whitehaven. 

A'ick. 

15I 20 | Wicklow. 

A'ilinington. 

Winchelsea. 

Winterton. 

Wisbeach. 

Woodbridge Bar.. 

Woolwich. 

Wrath (Cape).... 


Situation. 


Holland 

Holland 

England 
| England 
Scotland 
England 


u iU 

Ireland. 6 c 

America.. 45 

Ceylou Island 6 c 

Wales. g c 

Ireland. 6 3^ 

River Canton 10 c 


Prance...... 4 3 c 


Prance.II 15 ig 

France. 3 4^ . 

Spain. 2 15 

Holland. 9 c 

Lapland. 4 c 

River Thames 11 15 

Bristol Chan..I 6 a\ 


Itrver Thame.* J 


Ireland, 
Azores. 
Holland 


Scotland. a 

Germany.... 12 

France. I 

Norfolk. 6 

Bay of Bengal 9 

Ireland. 7 

England. 6 

England. 3 

England.. 

Scotland..... 9 

Ireland. 9 

America.. 

England.. 

England...., g 

England. 7 

England.. 

England. % 

Scotland. .... g 


Yarmouth Roads.. England. g 

Yarmouth Sands, 

(the back of)... England..... 10 

Yarmouth.Isle of Wight 9 

York Fort.Hudson’s Bay 9 

16 I Yorkshire Coast.. England. 6 

lYoughall.Ireland. 4 


Holland 

(Holland 


45 *1 

3°l j 

3-1 13 1 
io| I 


15 

IZuder Zee.... 

16 iZnric Zee .... 


3- “ f 


Goo^te*- 



















































































































































Ntweml'ef 5, 1806 . 

.A CATALOGUE 

OP THE BEST 

CHARTS, PILOTS , # NAVIGATION BOOKS\ 

Sold Wholesale* Retail, and for Exportation, by 

W. HEATHER, 

Chart Seller to the Honourable the East India Company, 

AT THE 

NAVIGATION WAREHOUSE, 

LEADED HALL STREET, LONDON; 

Where may be had Sextants and Quadrants of all Sizes, neatly mounted with true 
Parallel Classes, accuracy divided, and warranted good *, also Telescopes, Cases 
of Instruments, Gunter's Scales, Sliding Rules, Sectors, Sc Compasses of all Kinds. 

N. B. Sextants, Quadrants, Telescopes, Compasses, <5jr. cleaned and repaired, 

CHARTS. 

England, Scotland . Inland, France, Holland, Baltic, Norway, 
So. IVkite Sen, and Greenland. , . #. i- 

1 ^pIIE English Channel on three Sheets, with Directions ------- 7 6 

2 * Ail the Entrances to the Riter Thames from tlte Downs and Oilordntsi to 
I,ond >n. incUt ling me Swin, Queen’s Channel, Margate Roads, and from Or- 
furdne'S to the Sure; shewing the New Buoys, Heatons, Sand*, Eight Hoiises, 
Depth-, ol Water, Lt.n’.ing-marks, Anchorage*, and Times of High W.iur; by 

Mr. S'nn rK Clrwtt', Punt tn h>s Mo-aty . .. 4 Jft 

3 The Downs, Morgue Roads, and Queen’s Channel, in which the Colour and 
Number of all the Buoy* arc shewn, with the Depth of Water they are placed in, 

the Eight at the North Sand Head , 1 and the New Buoy* tn the Gu'l Stream - -3 € 

4 Spithead, Portsmouth, Needles, Isle of Wight, Owers, &c. shewing ail the 
Buoys, Leading-Murks, Light-Houses, Sounuing*, and Times of High Water, 
taken from the Survey of Mr. MuH'-nzf, and since impruwd by several ex- 
ptrEnccd Masters in t!u* Rovn! Navy, a d Commanders >f Coasting Vessels 3 6 

5 Portland Roads raid. Weymouth, with Plymouth Q ou: d. Causand Buy, Hamoaie, 

and Cutwater, wherein are *hew*i all the new Beacons, v)bcl.sks, and p. nicip.d 
I.tading-M uks, also 1 imouth Harbour and Helloid Sound - -- -- -36 

C A New and Correct Chart of the linglMi Channel ; including that of 3 istol and 
the South.-west Coast of Ireland, dedicated, by permission, to the hta-r I’nliu'n 
the 'trinity ii ux j : shewi g .all the Rocks, Sands, Soundings, and bettings of 
cheTi les, drawn on the true principles of Mercator’s Sailing, from the ! U‘ c m- 
veys made bv Mr. ^lurkt-ozi*, Cat tain }l:rtlur{, A h't.r,:i A. a br £ \ Sr. with a 
new Book, containing Directions for tailing into all the principal Harbours aid 
Roadsteads*, describing the Anchorage,, Leading-Marks, Sr. Sr. by ■ '■•u,. .n 
ti*a:lter, assisted by a great number of Master* in the .V<«$ f lAihts, anti Coin- 
rnnn.ters in *A- Merchant Srre ;c , H 06 - -- -- -- -- -- -- IQ 6 

7 The English Channel, including Liverpool and the West Coast ef Ireland, with 

Directions - -- -- -- -- -- -- - - -- -- --13 0 

8 Guernsey, J ^s-y, aad Alderney - -- -- -- -- -- -- -4 0 

9 Mount’s Bay. ------------ 2 0 

10 Svilly Islands, on ? large Seal \ with various hew improvements ----- '3 6 

11 /The whole Coast round Ireland, including Br Col, Liverpool, and Glasgow - 7 6 

12 Bristol Channel, with particular plaint ol the R vtr Avon, Carmarthen Bay, and 
Padstow Harbour - -- -- -- -- -- -- -- -- -- 36 

13 St. George’s and Bristol Channels, wi'h the Coast of Ireland, lrnn Cork to Dub¬ 
lin and Londonderry; aad the Co.v.t of England from Hartjand Point to Liver¬ 
pool, G’usgow, and the Lewis I la ,ds - -*----------50 

14 St G-urge’s and Bristol Channels, m a large Scale, shewing p ritcul.tr P’ans of 

all the Entrances to Liverpool: ^Lumlasb Hand arvdHarboui, rite Raver Cnde to 
Greenock, Dunbarton, 6ce with a Book. ol Ditecttou*, by Ihumm ileutner - - 10 6 

15 'I he North-west Coast of Ireland - -- -- -- -- -- -- -4 0 

16 Tie West Coast of Ire 1 and - - - -- -- -- -- -- -- - 4 0 

17 The West and rouih-west Coast of Ireland - -- -- -- -- -- 60 

IS The whole of .England, Scot and. and Ireland; also, the Lewis, E’eroe, Shet¬ 
land, and Orkney isles, on three bluets - - - -- ---- - - -- 7 6 

19 The Lewis Islands,’ or Hebrides, from the Mull of Canute to Tape Wrath, 

drawn from the Surveys of Sir. .\ >vr/.>-•, 7 .V, with many valuable Adcutions - - 7 6 

l hi Orkney Islands, including the Noith Coast of S-yil met ------ h 0 

-i Tlv White Se.i, a d Coast pf Norway, including the N.ivi/afion from England 

t* rc’iangd, chewing the prmeip.il 11 rW.ua, on a l rave Sc .!»* - - - - .7 6 

& The Co*trg.it, theSc.cv to C ipenhazen, drawn from th; Jute Danish Survey* 3 6 












CHARTS. s.d. 

27 The Sound and Grounds, on a large Scale - -- -- -- -- -- .'40' 

24 The B it.c, or East Sca, from Christiana and thtr Scaw, to the Entrance of the 
Gulf of Finland, including the Great and Little Be ts, Kiel, and Lubtvk.— Also 

* enlarged Plans of the H;n oours of Gotteuburg, Stockholm, Rogerwyck, Stettin. 

Riga, and Revel, with Dirci liiv-S - -- - - -- -- -- -- -66 

25 Tin- Gulf of Finland, from the Baltic Sea to St. Peterdniigh, drawn Iron* the 

Russian Atlas, and Swedish Surveys; with the Harbour.#, on a huge Sc tie - - 5 0 

The Baltic Sea and Gulf ot Finland, on one Shot t * - -- -- -- --156 

26 The Caarts of England and Holland, on two large Sheet?, from London to Ton- 
nhgen, with the iiivrr S> h-Jdt ; Entrances to the Texeland Vlie, aim the River 

L ne to Hambursh, on a large Scale - -- --- --------66 

I nglami.a.'fl Holland, with a I'Un ol the Texcl, on one Sheet ---- t --J 6 

21 Captain Hammond’s Chart of the North Sea, cot.ct'ted mvri improved by IViUi m 

lirnL.icr - ..-.'...--.----.------26 

23 The North Sea, on a Mer* ator’s Prokamn; the Latitudes and Longitudes laid 
down from Cc es? al Observations, being i!»e must cjn?< t of any published, con¬ 
taining all the Liter Improvements, with a new Book o! ? liling Diuetion* - - 6 6 

•2? T he Rivers Elbe, VVes«.r, and Lnvs. to Hamburgh, Bremen. and Embden, in¬ 
cluding Touningrn and Husum, with the is'.iud oi IJc lrgo'r.wl, on a large Scale; 
drawn from the Surveys of./. /. Hr.nk>\ .mu ./. A. Ln by Order ol the Beard 
ot Trade at Hambu-gb. with Oiit flit - -- -- -- -- -- -- 40 

30 The Coasts of France and Hoband, trom Calais to Antwerp and Rotterdam, with 

the Flemish Banks, on a large Scale - -- -- -- -- -- -- -36 

31 East Coast of England, from Orfurdne-s to Hull, describing Lynn Deep?, 
y.Tmomh Roads, HadumHigh Gatt, and Smith's Know I -------2 6 

32 The Cqart of Norfolk and Shcrringham Shoal>, surveyed by Mr.S. Matson, with 
Blaken^y Harbour, on a Large S'caie ------ - ------- 2 6 

33 The Coasts of Lnglmd and Scotland, from Hull to Aberdeen, w ith the Rivers 
Tyne and Humber, Holy Island and Aberdeen Rond, on a \uy large Sca'e - 2 6 
Boulogne Harbour and me Adjacent Const, on a Urge Scale - -- -- -50 

34 1 he Coast ol France, from Calais to Biert. and Quibcron, including Belie Isle, 
alsothe Minds o! Guernsey, Jersey, and Alderney, with the Hat hours of L’Orient, 

Brest, Moriaix. St Malo, and Havre de Grace, oo a large Scale -----50 

35 The Bay of Biscay. reduced from the latest Surveys, with Nantes, Rochelle, 

Bourcie.nrx, Bilboa, and Avillcs, on a large Scale - -- -- -- -- -66 

36 England, Ireland, Scotland, English Channel, Coasts of France, Spain, Portugal, 

and Gibraltar; drawn trom the latest Surveys, on a Mercator’s Projection --7 6 
Ditto, ditto, ditto, extending from the Fcroe, Orkney, and Shetland Isles to 
Gibraltar, on four Sheets - - - - - -- -- 10 6 

Spain, Portugal , Mediterranean Sea, Coast of Africa, ft Islands adjacent* 

37 The Coarts ol France, Spain, and Portugal, including the Bay of Biscay, from 
Brest to Barcelona, with tiie Harbours of Cadiz, Gibi altar, Oporto, LUI»on, and 

St. Ubes, on a large Scale -‘---------------50 

33 The Coasts of Spam, and Portugal, with the Hai bouts of Cadiz, Gibraltar, Seville, 

Lisbon, S3. Ubes, Vigo, and Ferrol, on a large Scale ,--------66 

39 The Harbours of Gibraltar. Malaga, Carihagena, Alicant, Majorca, Barcelona, See. 4 0 

40 TIk* Harbours of Cette, Marseilles, Toulon, and $t. Tropcz ......40 

41 The Coasts of France, Spain, and Portugal, including the English Channel, and 

Part of the Atlantic Ocean - -- -- -- -- -- -- -- -76 

42 The Harbours of Vi lie tranche, Genoa, Leghorn, and Ajacio ------40 

43 A-new and extensive Plan of Egypt, including Alexandria, and Grand Cairo 5 0 

44 Th e Coast of Atrii a, from the Sti.iits of Gibraltar to Cape Blanco - - - - - 6 0 
46 The Mediterranean St a, including the Coasts of Fram e, Spain, Portugal, Italy, 

and Egypt, with the Isles of Mull ;, Sluly, Co. In, fee. from Cate. Mnh-ln's and 
otl’v, Surveys; also the Harbours o! Leghot’U, Smyrna, Marseilles, and Genoa, 
on a large Scale, (b'.Hr.t^L, by to Ol tiniht Hon. A.- r./ AV/*w>.—The 

l.attunes and Longitudes aic laid clown from Celestial Observations, with 


Directions - -- -- -- -- -- -- -- -- -- - 10 6 

46 A new ond correct Cluut of Made ira and tire Canary Islands - - - - - 3 6 

47 Op'' B! mco to Cape Verd - ' - - - - - - - - - - - - - - 2 2 o 

43 Ca.H-Verti to.Sierra Leone 6 6 

49 Sit:ra Leone to Formosa - Id 6 

50 Formosa to Cape Nc 0 ro - Id 6 

5 i Cape Negro to the Cape ol Goad Hope and the Isle of Kmiici? - -- -- -7 6 

5 2 Cape Ved Islands, on a large Sole - - - -- -- -- - -.*2 6 


Newfoundland, Nova Scotia, North America , and the West Indies . 

53 Banks <1 Newfoundland - -- --- -----------36 

54 Huei St. Lawrence, with Directions- - -- -- -- -- -- - 1J 0 

jj The Straits ol Belle Isle to the bay ol F.-.ndv. c urt lining the whole of Newfound¬ 
land. Gull and Rivn St. Lawrence to (Quebec, Nova Scotia and Sable Island, 
drawn trom the Surveys of (u:>t.uns (5»>/r ard Lniv, J■ /. II . 0> s kimrrs, Esq. and 

s*-\» 1 a! e»pn ieuced Navigators - - - - - - - - ' - - - - -.-7 6 

56 The whole Coart of the United States of North Americ a, including Boston, New 

York., Philadelphia, the Ches ipeak, Char’e-uoo, and Savannah .... -6 0 

57 The Coast of Ameiica, from Horton to Philadelphia, including the Harboun of • 

Boston, New York, and Delaware Hay, on a very laige Scale - -- -- - 60 

53 The Cost ot America, trom Philadelphia m theGulf of Florida, with the Har- . 

b nits ot Charleston, Savannah, Port Royal, a^cf nr^ivtwick, 

19 The Gull of Fl- i’da and Bahamai, with Sailing Directivns < 


o: 3.' 


























CHARTS. s.d. 

60 A new and correct Chart of the whole of the West-Indies - -- -- -- 60 

6'. Bjy of Honduras - -- -- --- .-------*---20 

62 The Wiudward Passage* including Jamaica and St, Domingo --- ---5 0 

66 The Windward Passage from Jamaica, with the several Passages ----- 5 0 

64 The Windward orCarribbce Islands, including the Virgin Isles, drawnlrora the 

French Surveys - -- -- -- -- -- -- -- -- -.-40 

65 The Gulf of Florida and Windward Passage, from Antigua to the Bay of Hon¬ 

duras, including Porto Rico, St. Dominao, Jamaica, and Cuba, with Sailing 
Directions.—A. B. 1 kit ha useful Chart to Manners, trho are bound to 
Jamaica, St. Doming, or th* Ban of Honduras - - -.8 6 

66 The Coast of South America- and Island pf Trinidad, including the Harbours of 

Surinam, De » rari, Guayarta, Berbice, and Chagiraramas, on a large Scale, 
with Sailing Directions - - - -, - - - - -- - -- -----40 

67 The Atlantic or Western Ocean, containing the Coasts of Europe, Africa, 

* America, West Indies, &c. on one Shteet - -- -- -- -- - - -36 

G8 The Atlantic and Southern Oceans, extending from Greenland to Cape Horn, 
and tire* Cape of Good Hope - -- -- -- -- -- -- -- 13-0 

C 9 A Mercator's Chart of the Atlantic or Western Ocean and adjacent Seas, in- 
cludingthc Coasts of EUronc, America, Africa, West Indies, &c .—t /this by far 
the most correct Chart of th '* n Carts er r publish d. and the Variathn, Currents, 
Winds, 7 imrs of High Wain, Soundings, 6fc. may be d pended on -----66 

70 A new Chart of tb$ Island of Trinidad - -- ----------40 

71 Mosquito Shore ---'-- - - - - - - -- -- -2 0 


- - - ? 


72 The Island of Bermudas, or Summers Islands, from a late Survey - 
7 3 The Azores, or Western Islands, with all the Harbours, on a large Scale 

74 The South Sea, or South of the Line, to the River Plata, Cape Horn, and.Cape 

, of Good Hope, including the Islands of South Georgia, St. Helena, See. - - 6 

75 A Mercator's Chart of the World, drawn from the latest Surveys, shewing the 

Tracks of Cook, Vancouver, Perouse, &c- - - * - • - - - - 12 

East Indies,* Pacific Ocean 9 fyc. 

76 An Outline Chart from England to the East fndies, intended for the Use of Officers 
in the Honourable Last India Company’s Service, to prick off a Ship’s Track 10 

.77 The Cape of Good Hope and Mozambique Passage, including Madagascar 7 
7 S A new. Chart of the Indian Sea, from the Comoro Isles to Bengal, including 
Bombay, Ceylon, Madras, Calcutta, Balasore Hoads, See. ------ 10 

79 JA new and correct Chart of the China Seas, from the Bay of Bengal to Canton 10 

80 A new Chaet of thejIndian and Pacific Oceans, from the Cape of Good Hope, 
round New Holland to , Canton, shewing all the late Tracks, Variations, Se, c. 15 

SI The Red Sea ------... 7 

82 Persian Gulf and Harbours, on a large Scale - -- -- -- -- -- 7 
B 3 The Gulf of Cambay and adjacent Const - -- -- -- -- -- 15 

84 Tim Harbour of Bombay, on a large Scale - --- -------- 7 ' 

85 Bay of Bengal, including Balasore Bonds - - - - -- *- -- -- 7 
.86 Andaman and Nicobar Islands, wtt i the adjacent Continent ----- - 7 

87 The Straits ol Malacca and Singapore, with Prince ol Wales Island 

88 The Straits of Fund?, B^nka, Qaspar, and Billiton , - - - - - 

89 The Straits of Sunda and Java Sen, with Batavia, on a large Scale ' 

90 The Straits of Macnuer, with great Additions and improvements - 

91 The Rastern Straits to China, including part oi New^Guinea ----- - 7 

92 Coast of China, from Pedra Blanca to St. John’s Island --------7 

95 The whole of the West Coast ol Sumatra, with Behcoolen and other Harbour/^ 
94 An Outline Chart from England and America, to the East Indies - - - - J5 

93 The MaLbar Coast, including Ceylon - 

PILOTS. £ s.d. 

Tile Marine Atlas, or Seaman’s 
Complete Pilot, for all the prin¬ 
cipal Places m the Woild, con¬ 
taining a most excellent Sot of 
Charts, on a large Scale; the 
whole drawn from the latest 
Surveys.—Note. This is the only 
Publication of the kind in Eng¬ 
land, and j$ quite new . . . K) 10 


- 7 

- 7 

- 7 
7 


15 


3 ’ 3 
0 15 


Great Britain’s Coasting-Pilot ,3 3 
Ditto foi the three Channels . • . 1 16 
The East Coast of England, from 

London to Hull. 0 6 0 l 

Di no, with Blakency Harbour, on j 

a large Scale. 0 7 0 

East Coast of England and Scotland, 
from London to Aberdeen . .07 0 
The North Sea, including Ham-, 

burgh, Bremen, and Tonningen 0 7 0 ] 
Ditto ditto, with the Coast of Scot¬ 
land . ....080 

England and Holland, with the 
Tcxel, on a large Strafe . . .0 7 ( 
North $ea and Coast of Holland 0 12 < 


PILOTS. £ 

Mediterranean Sea ..... 1 
224 of the* principal Harbours in the 
Mediterranean Sea, hall-bound 2 
Complete from London to the Me¬ 
diterranean, containing ihe Har¬ 
bours, Bays, Roads, &c. half¬ 
bound, with Directions . 

Baltic Sea and Gulf ot 1 inland 
r C at np lete Baltic and North Sea 
I Pilot, from London to St. Pcters- 
burgh, with Directions, hall- 

bound .. 2 2 

Hu hours in the Channel . . . 0 10 
Holland, France, Spain, and Por¬ 
tugal . . ... . . . . 0 12 

Py nian^s Chart of the Sound and 
Grounds, contsfining ihe Har¬ 
bours of Wyburg and Cronstadt, 

with Directions . 0 12 

|For the Britidi. Si. George’s, and 
BrisulChamn IsromaiuingCharts 
on a large Sea'c, for the Downs, 
Margate Roads, Queen’s Chan- 
I ncl, Spithcad, hlc ol Wight, 


6 

6 

6 

6 

0 

6 

6 

0 

6 

6 

6 

6 

6 

6 

6 

6 

6 

0 

0 

0 

s. d. 


1 0 
2 0 































PILOTS. £ ,..i I, PILOtS. £ i.rf. 

w !|j\ ^I- IS Book. Gulf and Windward Passage, with 

will be found particularly u;clul Sailing Directions. 16 0 

v *^ Ma * e r» »" th T p Nay y* West Indies* America, and Ncw- 

Olfiters in the India Service, j found! md, wilh Directions . . 2 12 6 

previous to Uiou-examination at f Coast of North America . . . 0 12 0 

the Trimty or East-I:idia. House 1 11 6 I North America and Newfoundland 0 15 0 

For the whole Coast ol Air.ea . 2 12 6 A new -nd Complete Pilot Irom 

A complete Pi'ot iron: England to England to Bengal, Bombay, 

the West Indies, withDirect.ons Ml 6« Madras, Bencoolen, and Chma 7 7 0 

Ditto, smallei.0 12 0|| 

INSTRUMENTS. 

Casts of Instruments, from 6s. to 5 5 0; Pocket Globes, from 9 s. to ..140 
Night Jc'Day Telescopes, from 21 . to 5 5 Pj Marine Barometers, 21 12 s. 6d. to 1 17 6 

Gunter’s Scales, from 2 s. to . . 0 .5 P f Thermometers from 7s. to . . . 1 16 0 

Parallel Scales in Ebony, from 2s. to 1 5 0 j A great Assortment of Hanging, 

Quadrants in Black Ebony, 2 i 1 Os to 3 3 b Steering, Boat, and Pocket Corn- 

Sextants, in Wood, Irom 41 . 4 s. to 6 16 f passes; Achrom uic Pocket Ttv 

Sextsnts, in Brass, Irom 101 . 10 s. to 14 14 0 Wopes; Artificial Horizms; 

Globes, 12 inches diameter . . 3 13 C » HorseShoe and Bar Mag nets,dec. 

Ditto, 9 inches ditto. 2126 


NAVIGATION BOOKS, &c. 

Norie'g New and Complete Hutton’s logarithms . . . .1 1 9 

Epitome of Navigation . . , 0 10 6 Tables of Parallax and Refraction 1 11 6 

New Requisite Ta les, by J. W. Ship Master's Assistant, or Owner’s 

Norie, containing all th t are »e- Manual. 0 10 0 

cessary to be used with the tphe- Sea Gunner’s Companion ... 0 2 6 

meris. ....050 Wales on Time-keepers .... 0 3 6 

Norie’s Daily Assistant . . 0 4 0 j Mariner's Compass Ret* rifled ..026 

Description and Use of Hadlev’s r Malhnm’s Naval Gazetteer, 2 vol. I I 0 

Quadrant and Sextant, with'fa- (East-India Directory ....220 

bps, by J. W. Norie ... .016 1 D tto, by Flmore ......220 

A Map of Zodiacal Stan, patticu- j; Fast India Otbcer’j com »l<nc Guide 0 2 6 

larly adapted for finding the Stars I Fhg< of all Nations, n.atly coloured 0 5 0 

used in Lunar Observations, by - Sailing Directions for America .026 

J. W. Norie, with Directions .0 5 0 Ditto West Indies. 026 

Mendoza Rio’s Tables for Navi- I 1 Directions for the North Sea, Cat- 

gation and Nautical Astronomy 1 2 6(j tegat, Baltic, and Gulf of Finland 0 2 6 

Marine Journal, or Seaman’s com- 'Directions for Hamburg Sc Bremen 0 0 6 

plete Pocket Hook for 1807 . 0 2 C)| Directions for the British Channel 0 2 6 


Roberrson’s Navigation, by Wales 1 4 0 'Directions for St. George’s Channel 0 2 6 
Moore’s Practical Navigator . . (5 10 6j Directions for the Mediterranean 0 2 6 


Kelly’s Nautical Astronomy ■. .09 Oh Directions for Africa. 05.0 

Lyon’s Tables fur working the East India Journals, from 13 §. to 15 0 

Longitude at Sea, being the • {West India and Navy Journals, from 
shortest Method used .... 0 2 6 I 2s. 3d. to ........ 0 8 6 

Gower’s Practical Seamanship .0 7 0 j Cargo Books .' . . . . . .0 2 0 

Margett’sTabics. 5 10 0 [Ditto, on fi ;e Paper . . . . .0 2 6 

Hutchinson’s Seamanship,bound 0 19 0 1 Log Books. 0 3 6 

Nicholson's Sen in an'hip, boards 0 17 1* : Seaman or Merchant’s Expeditious 
Ship-Builder’s Assistant . . . 0 5 f 1 | Measurer,shewing th<r solid Con- 

Dumps Epitome. 0 6 0 ] tents ol nil Packages and Casks 0 6 6 

Nautical Almanack, or Ephemeris I The Midshipman’s Instructor . .036 

lor 1807, 8 , 9 , and 10 (each) . 0 5 ( {British Mariner’s Vocabulary .050 
1 -iddel‘s Vadc Mccum . . . . 0 12 ( t Stevens on the Polar Star ...010 

Distorts Coaster’s Companion .0 5.(1 Art of Rope-making . . . .050 

Mac kay’s Longitude, 2 vols. . . 1 1 ( Transport’s Monitor.0 6 6 

Mackay on the Sliding'Gunter . 0 4 f Maxwell ott Marine Laws . . . 0 13 6 

Taylor’s Logarithms. 4 14 6 


Where may be had, all the most correct Charts now extent. Good Allowance t# 
Merchants, Captains of Ships, and Shopkeepers, to sell again. 


NAVAL ACADEMY, by J. W. NORIE, 

A’o. 137, LiaM. U-S nrt. ' 

The Method of finding the Lat'turie by Double Altitudes of the Sun, and by the Meridian 
Attitude* oi the Memo, or Fix. .0 Stars; also the Method ol determinhig the Longitude at 
Sea, b) the Moon’s Distance iron: the Sun, or a fixed Siar, taught according to the lnttN-t 
and n;ov. approved Methods; w ith the U»eol the Globes, Nautical Instruments, andCUu. iS. 

Terms for Teaching Navigation . 

Method of keeping a Journal at Sea with Meridian and Double Altitudes . 5 .4 2 

Finding the Lo.igitudo by I.,un..r Ob .creations and Time-keepers . . . .5 3 0 

¥j ; Those Persons vhocamiot stay to be completed, may return at often as i*vy pirate, 
without any Kucher Expetve.—N. B. CaptainsQtiid others, who would wivfi to rernxc pu- 
• ate Instructions. m;iv be accommodated with a separate Apartment. Oificers its the -Nasy* 
-*r **r«t-(r«i*i CfnraTty*: Fvr ic \ uunMiej to nass their Ei.v.r.i ration in a lew davs. 
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